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I. INTRODUCTION

Over the past three years the U.S. Geological Survey has been 

developing a program for the collection of sonobuoy seismic data aboard 

the U.S.G.S. research vessel S.P. LEE, and for the subsequent reduction 

arid analysis of those data. The sonobuoy seismic studies have been 

conducted primarily over the Alaskan continental shelf and the contiguous 

deep water basins, often in conjunction with multichannel seismic reflection 

surveys. In this report, we wish to describe in detail the present 

sonobuoy program, covering both the collection of data at sea and the 

reduction and interpretation of data back in the office.

The report is divided into three sections. The first is a review of the 

main principles of seismic refraction and wide angle reflection theory, 

including background information for the specific techniques referred to in 

the report. The second section describes the equipment currently available on 

the S.P. LEE and contains an outline of the procedures that have been 

developed for data collection. In the last section, the procedures and 

computer program for digitizing, editing, reducing and interpreting the 

sonobuoy field records are described, and instructions for their use included. 

Following this section are numerous appendices containing program listings, 

derivations, examples and other useful information.

In designing the current sonobuoy program, we are indebted to 

investigators at Lament-Doherty Geological Observatory and Woods Hole 

Oceanographic Institute who laid the groundwork in this field of study. In 

particular, we have adopted several procedures, especially in the area of data



reduction, from a report by S.T. Knott and Hartley Hoskins (1975). Their 

technical report, which describes the sonobuoy program at Woods Hole, has 

proved invaluable in our work.



II. THE SONOBUOY METHOD 

General Technique

The routine use of sonobuoys in marine geophysical studies was developed 

by Lamont-Doherty Geological Observatory in the 19bO f s, following the initial 

development of the technique by Hill (1963) in the post-war years. The method 

proved to be an economical, dependable, and relatively quick technique to 

determine velocity-depth variations within the sediments of marine basins. 

Since that time, the sonobuoy profiling method has come into much greater use 

in marine geophysics for the study of velocity distribution within not only 

sedimentary basins, but within the oceanic crust as well. The sonobuoy method 

enhances other standard vertical incidence seismic profiling techniques, by 

providing velocity information which can be used to convert reflection time on 

the vertical incidence record to true depth. The methods originally developed 

at Lamont to record, reduce and interpret sonobuoy data are still the primary 

basis for more recent work. Recent improvements in equipment and technology 

have been responsible for increased interest in the method.

Basically, a sonobuoy is a free floating buoy that contains a battery 

powered radio transmitter and a hydrophone. When the sonobuoy is dropped into 

the water from a seismic ship, the hydrophone is released and sinks to a 

predetermined depth. As the ship moves away, the seismic energy from the 

ship-towed source (usually air guns or arcer) is detected by the hydrophone 

and is relayed back to the ship by the radio transmitter for recording and 

display (see Fig. 1). The sonobuoy is usually left to scuttle itself after 

several hours, because retrieval is unfeasible. Sonobuoys are used to increase 

the range over which seismic energy is normally collected (e.g. the length of 

a towed hydrophone), thereby producing better reflection velocity information
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Figure 1 Schematic illustration of sonobuoy data collection, 
with various seismic travel paths indicated. Only 
one interface (the seafloor) is shown. Compare with 
subsequent figures (2-5) to see how these paths are 
displayed graphically



from deep sedimentary and crustal layers, as well as detecting refracted 

energy from these same deep layers. Before the development of sonobuoy 

methods, refraction studies were limited to two ship operations, involving 

high, often prohibitive costs. Now, these refraction surveys can be done 

concurrently with other geophysical studies by using the relatively 

inexpensive, expendable sonobuoys. Appendix A illustrates the types of 

research problems for which the sonobuoy technique is well suited.

The use of high energy, rapidly firing, seismic sources, initially 

developed for multichannel seismic reflection work, has dramatically improved 

the quality of sonobuoy data. These sources provide a highly consistent and 

coherent outgoing pulse. Consequently, the reflected and refracted arrivals 

from deep as well as shallow sedimentary and crustal layers can easily be 

identified when displayed on high density (40 shot traces per inch) graphic 

recorders, often out to distances exceeding 40 kilometers. Figures 2 and 3 

illustrate graphically recorded sonobuoy data using a large airgun source 

(1326 cu in. - 5 gun array) in shallow and deep water areas respectively. At 

the deep water station (Fig. 3), the large source provided sufficient energy 

to penetrate the entire sedimentary section and refractions were observed from 

sub-basement (crustal) layers down to and including the mantle.

Methods of Analysis

The analysis of wide-angle reflection and refraction seismic data is 

normally based on standard ray tracing theory, which can be found in any text 

on applied geophysics (Dobrin, 1960, ch 5, 6; Telford et al., 1976, ch 3, 4; 

Officer, 1958, ch 2). LePichon et al. (1968) have applied the generalized 

theory to the specific case of wide angle reflection data from sonobuoys. 

Computer programs for analyzing both the sonobuoy wide angle reflection data



n o rm a f
.incidence
seismic

Figure 2

Example of shallow water (150 meters) sonobuoy record. 
(Recording 0-8 seconds.) Several minutes of vertical 
incidence seismic were recorded just prior to the launch 
of the sonobuoy. Observe that all refractors come in a 
as first arrivals. (Compare with Figure 5.)
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Figure 3

An example of a deep water (3750 meters) 
sonobuoy station. The recorder was initially 
set on 8 second sweep, with no initial delay. 
The deeper reflectors are lost in the early part 
of the record, and in practice, this record 
would be accompanied by another with an initial 
H second delay (i.e. *J - 12 second sweep).

Note that on this record, the shallow ref­ 
ractions do not appear as first breaks, but are 
masked by the deeper refractors. Results from 
this record indicate that the far refractions 
are from crustal boundaries down to and including 
the mantle (visible at the lower right).
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(LePichon's method) and the sonobuoy refraction data (general method) are 

given by Knott and Hoskins (1975). We will summarize briefly the basis for 

these methods.

The ray paths and the time-distance plots for seismic waves in a simple 

two layer model (water overlying sediment) are shown in Figure 4. Three basic 

travel paths are involved; the direct, the variable angle (wide angle) 

reflections, and the refractions. The direct arrival is the energy that 

travels throu^i the water from the sound source directly to the hydrophone. 

On the time-distance plot the direct arrival is a straight line; the slope of 

this line is the reciprocal of the horizontal velocity of sound through the 

water near the sea surface. The direct arrival can, therefore, be used to 

determine the distance from the ship to the sonobuoy (the product of the 

direct arrival time, T^, and the horizontal velocity, v^). In practice, it is 

assumed that the horizontal water velocity, rather than the separation 

distance, is known, primarily because navigational uncertainties and sonobuoy 

drift introduce unknown errors into the separation distance. Once the 

horizontal velocity is determined, through Matthew f s Tables (Mathew, 1939; 

also in Handbook of Oceanographic Tables, 1966), or similar tables (National 

Ocean Data Center, 1968), or through surface temperature and salinity 

measurements (including expendable bathythermographs: XBT f s), then careful 

recording of the direct arrival times obviates the requirements that both ship 

navigation (course and speed) and buoy position remain constant during the 

sonobuoy station. Small deviations in these parameters (ship course, speed, 

and buoy position) will cause small changes in the slope of the direct arrival 

trace, but these changes are irrelevant if the proper data reduction method is 

used. See Appendix B for a discussion of sound velocity in water.

Seismic energy travels througfc the earth with a velocity which is



dependent not only upon the material through which it is travelling, but also 

upon the manner in which it is propagating (e.g. compressional waves, shear 

waves, etc.). Sonobuoy data can be used to determine: rms (for r_oot mean 

s_quare) velocity from wide angle reflections and head wave (also called 

refraction) velocity from refractions.

The rms velocity is an "average" velocity for all the material (water 

and rock) lying between the sea surface and the reflecting interface. This is 

the same velocity that is determined through analysis of multichannel data, 

but sonobuoy reflection data is collected over a considerably greater distance 

(typically 6 km for a sonobuoy station in 300 meters of water). The theory 

and geometry for determining rms velocity from wide angle reflections is 

presented in Appendix D. Briefly, the curve on a time-distance plot( as shown 

in Fig. 4) that results from a flat reflecting plane (boundary) is a 

hyperbola :

- r/ +T-

This equation is linear in X and T . Therefore, if we measure the values of

P P X and T along an experimental reflection hyperbola and plot Xr versus T , the

2 2 X , T points will lie along a straight line. The slope of this line,

is the reciprocal of the square of the rms velocity (vrms ), while the

P intercept of the line with the T^ axis is the square of the minimum reflection

P P time (TQ ) to the horizon. This plot is referred to as an X - T plot, and

P P this type of analysis referred to as an X - T velocity determination. The

rms velocities from two reflecting horizons can be used to determine the 

interval velocity (V^n^) between those two horizons. The interval velocity, 

which is the seismic wave velocity over a specific depth interval, can be 

computed in either of two ways: the first employs an approximate method
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Figure M Schematic diagram illustrating the relationship between 
the seismic travel paths as seen on the graphic record 
of a sonobuoy. Note that in this representation, 
we've shown the source as stationary and the sonobuoy 
position as variable. In practice just the reverse is 
true, but the two cases are completely symmetric.
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described by Dix (1955) while the second uses a more sophisticated ray tracing 

technique described by Le Pichon, et al. (1968). The latter method is 

described in detail in Appendix D, Part III, and is the basis for the computer 

program SLOWI described later in this report (Section IV).

The refraction velocity is the speed at which seismic energy propagates 

along an acoustic interface. With homogeneous layers, as in the model of 

Figure 4, the refraction velocity is equivalent to the interval velocity in 

the layer beneath the interface. In reality, however, an interval velocity 

usually encompasses several discrete rock layers, and the refraction velocity 

represents the "fastest" of those layers near the top of the interval. 

Therefore, the refraction velocity tends to be higfcer than the associated 

interval velocity. Furthermore, as pointed out by Knott & Hoskins (1975, 

p. 6) "sediments frequently display velocity anisotropy, in which the velocity 

of propagation along the bedding is significantly higher than the velocity 

transverse to the bedding in the same material". Refractions only occur when 

the interval velocity in the underlying layer is greater than the overlying 

layer, and are not detected until the distance between the ship and the 

sonobuoy exceeds the "critical distance", as determined by Snell's Law. On 

the time-distance plot (Figure 4), refractions appear as straight lines; the 

slope of the refraction (1/vref) is the reciprocal of the refraction velocity. 

When an acoustic interface produces both a reflection and a refraction, the 

refraction appears as a tangent to the corresponding reflection on the time- 

distance plot, and "peels off" from the reflector as a straight line. The 

point of tangency is the critical point. Since the critical distance is the 

point beyond which total internal reflection occurs (i.e. beyond which there 

is no transmitted energy), the amplitude of the reflected arrival increases at 

this point. This amplitude increase often helps identify the point at which

11



the refraction arrivals should start to appear.

Figures 5 and 6 are synthetic plots of sonobuoy records in shallow and 

deep water respectively illustrating these travel time curves and their 

relationship.
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III. FIELD OPERATIONS 

General Information

Knott & Hoskins (1975) note that there are three possible modes for 

recording sonobuoys. The first is to have a free running source and a shot 

actuated recorder; the second is to use a continuously running recorder 

(controlled by a time base), which keys the source; and the third is to use 

triggered recorders and triggered sources controlled by an independent timer. 

The first system is used primarily by Lament-Doherty (Knott & Hoskins, 1975, 

p. 7), while Woods Hole relies exclusively on the second method. Because much 

of our sonobuoy work on the S.P. LEE is concommitant with multichannel 

operations, we use the third method almost exclusively. (In a few instances 

during high resolution seismic surveys, the second method has been used.) In 

standard operation, the navigation system generates a trigger pulse at 50 

meter intervals that simultaneously fires the air gun array and starts the 

graphic recorders for the sonobuoy. At normal operating speeds of 5.5 knots, 

the airguns fire every 17 seconds. The airgun array used for our sonobuoy and 

multichannel operations is a five gun tuned array with a total volume of 

1326 cu. in., which is fired at a pressure of approximately 1800 psi. The 

individual airgun sizes are 9^, 1^8, 195, 309, and 580 cu in.

During field recording, the sonobuoy data is displayed in real time on 

one or more graphic recorders and is simultaneously recorded on analog 

magnetic tape. Figure 7 shows a schematic diagram of the current sonobuoy 

system aboard the S.P. LEE and indicates the signal path for the seismic 

information during recording of a sonobuoy.
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Equipment Description

Sonobuovs

The sonobuoys used aboard the S.P. LEE are of two basic types: those 

purchased from private industry and those procurred from the U.S. Navy (see 

Appendix A for criteria in deciding which type of sonobuoy to use). The 

commercial seismic sonobuoys are available from Fairfield Industries, Inc., 

Fairfield Select Division, of Houston, Texas, and from Refraction Technology, 

Inc. of Irving, Texas. Sonobuoys produced by the two companies are very 

similar electronically, but differ in the design of the hydrophone suspension 

system. Both companies provide the same options with buoys.

1. Radio frequency band

Each sonobuoy transmits on a specific channel, in either the low 

frequency range (74-76 MHz) or the hi#i frequency range (170 MHz). The lower 

frequency range generally allows for longer broadcasting distances and 

requires a larger antenna.

2. Hydrophone suspension

The sonobuoys are generally equipped with variable length hydrophone 

suspensions ranging from 30 to 240 foot depths. The longer suspensions (i.e. 

deeper hydrophones) generally give better isolation from surface noise. 

However, the thermal density (velocity) stratification in the upper part of 

the water column can cause the direct arrival to be totally reflected away 

from a very deep hydrophone (refer to App. B).

3. Delayed hydrophone release

When sonobuoys are deployed during multichannel operations, a delay 

mechanism for the sonobuoy hydrophone release is used to avoid fouling the 

sonobuoy on the multichannel streamer. A 20 minute delayed hydrophone release 

timer is provided with each sonobuoy to allow sufficient time for the sonobuoy

17



to clear the end of the multichannel streamer. The timer may be disabled for 

sonobuoy deployment during single channel operations.

*J. Amplifier gains

Commercial sonobuoys are available with either fixed gain or automatic 

gain control amplifiers. Most buoys now in use on the S.P. LEE are fixed gain 

type, which allow greater control of recording gains on both the graphic and 

tape recorders.

The Navy sonobuoys used on the LEE have been either SSQ-41A or SSQ-41B. 

The SSQ-41A sonobuoys have a higher frequency response and shorter antennas 

than the commercial seismic buoys. Consequently, the seismic range of the *J1A 

buoys is less than the commercial buoys and low frequency seismic information 

from deep interfaces is lost. The SSQ-41B sonobuoy is basically a 41A that 

has a lower frequency response, roughly equivalent to the commercial buoy. 

Because both types of the Navy sonobuoys have a high frequency bandpass 

filter, they generally provide a strong direct arrival signal, as well as 

excellent resolution at shallow depths. The poor low frequency response of 

the SSQ-41A sonobuoys make them less suitable for studying deeper reflections 

and refractions. All Navy sonobuoys are equipped with standard 300 foot 

hydrophone lower and have no delayed hydrophone release timer. However, since 

the hydrophone assembly is readily accessible, if necessary it can be tied off 

at a shallower depth, or a "lifesaver" delayed hydrophone release can be 

installed. Great care should be exercised when using the Navy sonobuoys 

concurrently with multichannel operation, because of the risk of damaging the 

multichannel streamer with the sonobuoy hydrophone cable. 

Receivers

The signal transmitted from the sonobuoy is received on ship by one of 

two Yagi antennas mounted on the aft mast; separate antennas are required for

18
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low and high frequency sonobuoys. The higji frequency signal passes directly 

to the receiver, while the low frequency signal is preamplified before 

entering the receiver.

Two Aquatronix (now Fairfield Select, Inc.) mainframe receivers, each 

containing two separate crystal controlled receiving modules can be used to 

receive either commercial or Navy sonobuoys. Since sonobuoys with different 

transmitting frequencies can be received simultaneously by the two modules in 

both receivers, four separate sonobuoys can be received simultaneously with 

this equipment.

Within the receiver, the unprocessed sonobuoy signal is passed through a 

series of filters and amplifiers. The radio signal is first passed through a 

5 Hz lo-cut filter and gain amplified. The signal is then split into two 

components: the seismic signal, 5-62 Hz, and the waterbreak signal, 800- 

1200 Hz. The seismic component is passed through a variable hi-cut filter, 

while the waterbreak component is amplified - 20 db with respect to the 

incoming signal. The two components are then recombined and output to the 

recorders, and are also output separately as amplified output and waterbreak 

output. Figure 8 shows the receiver circuit schematically.

A third receiver, made by Nems-Clarke, Inc., which can be selectively 

tuned to any sonobuoy transmitting frequency, is used primarily as a backup 

unit. The demultiplexed signal from the Nems-Clarke receiver is fed into the 

filter-amplifier circuitry of the Aquatronix receiver through the auxiliary RF 

input to take advantage of the bandpass filtering and mixing capabilities of 

the Aquatronix receiver (see Figure 8). 

Analog Tape Recorder

All sonobuoy data is recorded both on graphic recorders and analog 

magnetic tape. The tape recorder used is the Hewlett-Packard 3968A, a
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quarter-inch eight track instrumentation tape recorder capable of recording 

either FM or Direct (AM) modes. In single buoy operations, the channels are 

generally assigned in the following manner:

Channel 1 (FM): vertical incidence single channel seismic, from either

single channel system and Teledyne amplifier, or a

monitor channel from the multisystem 

Channel 2 (FM): unfiltered sonobuoy seismic; from the seismic monitor of

the sonobuoy receiver (see Fig. 8) 

Channel 3 (FM): filtered sonobuoy seismic; from the filtered output of

the sonobuoy reciever (see Fig. 8) 

Channel 4 (FM): amplified sonobuoy seismic; from the amplifier output of

the sonobuoy receiver (see Fig. 8) 

Channel 5 (FM): tape recorder precision drive frequency; an internally

derived crystal frequency for playback control (see page

22) 

Channel 6 (FM): airgun trigger; trigger pulse from the multichannel

trigger box, which also triggers the graphic recorders 

Channel 7 (Direct): waterbreak output; filtered (800-1200 Hz)

output from the sonobuoy receiver (see Fig. 8) 

Channel 8 (Direct): voice channel and WWV time record

The magnetic tape used for sonobuoy recording is 1/4 inch, 1/2 mil 

thick instrumentation magnetic tape. The tape is intermediate band (DC- 

20 kHz), which is completely satisfactory for sonobuoy recording and a 

fraction of the cost of wide band instrumentation tape. The tape 

recorder requires 7 inch tape reels, which will accommodate 3500 feet of 

1/2 mil tape.

The 3968A is a six speed recorder, with a range from 15/32 to 15
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indies per second. We generally record all sonobuoys at 3 3/4 ips. 

This, is the lowest tape speed which will allow seismic information (5- 

62 Hz) as well as the waterbreak signal (800-1200 Hz) to be recorded on a 

single FM tape channel. At this speed, a 3500 foot tape (7 inch reel) 

will last for about 3 hours, usually long enougfc for one sonobuoy 

station, especially in shallow water. However, longer range sonobuoys 

may require two tapes to record the distant refractors. The problem of 

switching tapes can be avoided by reducing tape speed to 1-7/8 ips. In 

order to preserve the direct arrival (waterbreak) at the lower tape speed 

(FM bandpass at 1-7/8 ips is DC-625 Hz), the waterbreak (Channel 7) must 

be mixed with the sonobuoy seismic (Channel 3) when the tape is replayed.

To insure accurate replay of recorded sonobuoys, it is necessary to 

devote one channel (FM or Direct) to record the precision drive frequency 

generated by the tape recorder. The precision drive frequency is used to 

phase lock the capstan motor during replay, thereby compensating for 

small deviations in tape speed that occurred during recording. A channel 

near the center of the tape (track 4 or 5) should be used for this 

purpose, and if an FM channel is used, the board must be modified 

sligfctly. Instructions for recording the precision drive frequency are 

found on pages 64-67 of the Operating and Service Manual.

Since the 3968A recorder can record and playback simultaneously, 

the data going onto tape can be monitored in real time if the seismic 

channel (Channel 4) and the trigger pulse channel (Channel 6) are input 

to a graphic recorder. The disadvantages of this procedure are that the 

recorded signal may be sligfctly inferior to the original signal, and that 

a malfunction in the tape recorder will result in complete loss of 

information. We normally make two records, one using output directly
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from the receiver and the other using output from the tape recorder.

The tape recorder should be maintenanced periodically, particularly 

when undergoing heavy use. Routine maintenance is covered on pages 50-55 

of the Operating and Service Manual. The most critical maintenance 

function is careful cleaning of the tape heads and drive capstan after 

every sonobuoy station. Oxide buildup on the record heads can seriously 

degrade the record quality, while oxide buildup on the capstan drive will 

cause tape slippage. The problem of capstan slippage may become so 

serious that the tape will stop completely while the capstan continues to 

spin. Another advisable procedure is to periodically degauss the tape 

heads.

Graphic Recorders and Recording Techniques

The filtered output (5-62 + 800-1200 Hz) from the sonobuoy 

receivers is displayed in real time on one or more Raytheon Universal 

Graphic Recorders (UGR's). These dry paper, fascimile recorders are 

capable of operating in either a continuous mode or a start/stop mode, at 

sweep speeds ranging from 1/4 to 8 seconds. Normally, sonobuoys are 

recorded in the start/stop mode with sweep speed of either 6 or 8 

seconds. The recorder sweep is initiated by a trigger pulse from the 

navigation system, which also triggers the airguns. Because of 

mechanical delays in firing the airguns, there is usually a small time 

delay between the air gun fire and the sweep trigger.

When recording sonobuoys in deep water areas, a sweep start delay 

of between 0.1 and 9.9 seconds is used to eliminate recording the water 

path travel time. This delay option is only possible in the start/stop 

mode, and makes it possible to record continuously a "full page" of 

seismic information. Whenever the seismic data approaches the bottom of
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the record, an additional delay is added and the seismic data is shifted 

up the record. This procedure allows us to obtain a complete and 

continuous record of both the seismic and direct traces which is free 

from having an overprinted multiple trace. Such a record is not possible 

in a "continuous" record mode.

There are two limitations to the start/stop recording technique. 

The first is that the total time (delay plus sweep) cannot exceed the 

fire rate, otherwise the recorder will miss every other shot and the 

vertical exaggeration of the record will change. For example, with an 

eight second sweep and a 17 second fire rate, the maximum allowable delay 

(for removing the water travel time) would be 8.9 seconds (.1 second must 

be allowed for the recorder to stop and prepare for the next trigger. 

The second limitation is encountered on very long sonobuoys, when the 

direct trace goes off the bottom of the record because an additional 

delay would either exceed the fire rate and cause missed shots or would 

shift seismic information up and off the top of the record.

The resolution and vertical exaggeration of the graphic sonobuoy 

record depend on three parameters: recorder sweep speed, recorder paper 

feed and the seismic shot interval. These factors must be optimized to 

obtain a record that has low vertical exaggeration, provides good 

resolution of reflectors, and contains all the seismic data of interest. 

Often, two records with different parameters must be made to satisfy this 

object ive.

The resolution of the sonobuoy record depends on the sweep speed of 

the graphic recorder. Knott & Hoskins maintain (p. 18) that a sweep 

speed of at least 7 cm (2.7 in.) per second is necessary to obtain 

measurements to - 3 m sec required for reliable analysis. With our



digitizing system, a slightly smaller scale appears to be sufficient. 

The paper for the UGR recorder is 48 cm. (19 in.) wide, so a six second 

sweep is 8 cm/sec, while an eight second sweep is 6 cm/sec. With normal 

sonobuoy operations, either one of these two sweep speeds will provide 

adequate resolution. The eight second sweep speed is preferable in deep 

crustal velocity studies because of the longer recording period that is 

possible.

The vertical exaggeration of the sonobuoy record depends on both 

the recorder paper feed and the seismic shot interval. A lower vertical 

exaggeration makes it easier to correlate events from one sweep of the 

recorder to the next. During multichannel operation, the seismic shot 

interval is fixed by the multichannel system, usually at 50 meters. With 

the single channel system, however, almost any shot interval can be used 

subject only to the recharge capability of the air gun compressors. In 

the start/stop mode, the optimal shot interval is the shortest time 

between shots that will give a complete record of the seismic section at 

large distances from the buoy. This interval depends on water depth, 

sediment thickness, anticipated sub-crustal seismic penetration, etc. In 

the continuous record mode, the optimal shot interval is the shortest 

possible time between shots (see Knott & Hoskins, 1975, pp. 16-24). The 

paper feed on the UGR recorders, which ranges from 40 to 120 lines per 

inch, is coupled to the pen sweep, so that whenever the pen sweeps, the 

paper feeds. The maximum feed rate, 40 lines per inch, is advisable when 

recording sonobuoys because it gives the lowest vertical exaggeration and 

it will facilitate the counting of individual seismic traces during the 

data reduction.

Vertical exaggeration is an important consideration when dealing
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with wide angle reflection records. Refractions are easily correlated at 

even high vertical exaggeration, but wide angle reflections become 

difficult to distinguish and pick when the curvature of the reflectors 

becomes too steep. Vertical exaggeration can be expressed as the angle 

that the direct arrival makes with the edge of the paper CcC 1 , Fig. 6). 

For reasons relevant to their own processing technique, Knott & Hoskins 

(1975, p. 18) suggest that this angle be less than 45°. We have found 

that an angle of 18° is quite satisfactory. The 18° angle is obtained on 

our records using an eight second sweep speed, a feed rate of ^0 lines 

per inch, and a 50 meter fire interval. An angle of as little as 13° is 

also satisfactory, but anything less make correlation of successive sweep 

difficult. To determine what this angle will be for different recording 

parameters, use the equation

where

oC = angle of direct trace 

sw = sweep speed 

n = number of lines per inch 

r = fire rate (in seconds) 

ss = ship speed (in knots)

Sonbuoy Preparation and Launch

A number of steps must be completed in preparation for the launch of a 

sonobuoy. These steps are summarized in the accompanying checklist, Table 1, 

and it is advisable to follow such a checklist when preparing to deploy a 

sonobuoy.



TABLE 1 

Checklist for sonobuoy preparation and launch

1. Prelaunch check of sonobuoy

a. If possible, start transmitting on deck to ensure that sonobuoy

batteries are working and that the selected crystal frequency is

correct, 

b. Check the hydrophone lower depth and delayed release timer

2. Notify radio officer and bridge of intent to deploy buoy

3. Fill out log forms

4. Prepare analog tape recording system

a. Voice introduction, including date, time, identification, etc.

b. Set footage counter

c. Check input levels on each channel

5. Start recording vertical incidence seismie on tape and graphic recorders

6. Prelaunch lab check

a. Ensure that the correct crystal is being used in the receiver

and that all recorder inputs are coming from the receiver module

used 

b. Ensure that the correct initial settings (gain, hicut filter,

waterbreak gain) have been set on the receiver 

c. Ensure that antenna preamp gain has been turned down (for low

frequency sonobuoys) 

d. Check signal paths (seismic signal and triggers) to both graphic

and analog tape recorders

7. Proceed with countdown to launch

a. Radio operator on deck counts down airgun shots, and reports

when the sonobuoy is in the water and adjacent to the airguns 

b. Lab procedure:

1. Record start of countdown on tape

2. Set correct feed rates on recorders

3. Set proper display mode on recorders

4. Switch recorder input from vertical incidence seismic to 

sonobuoy seismic

5. Mark the first trace (when sonobuoy at airguns) on the recorders

6. Record time and footage reading in log and on tape recorder

7. Retune the sonobuoy on the receiver

8. Adjust the graphic recorders for optimum display
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(1) Prelaunch check of the sonobuoy

In preparing commercial sonobuoys for launching, it is advisable to 

attach the antenna securely to the sonobouy case with fiber tape and seal the 

base with polyvinyl chloride (PVC) glue to avoid antenna breakage or water 

leakage. The hydrophone release should be set to the desired depth (refer to 

App. B for criteria) and the timer activated or deactivated as required. If 

possible, the sonobuoy should be activated on the deck, to allow checking the 

sonobuoy batteries, receiver crystal, etc. If anything appears to be wrong 

with the sonobuoy, it is advisable to stop the entire operation until the 

problem is corrected or the sonobuoy is replaced.

(2) Notify radio officer and bridge

Both the radio officer and the bridge should be notified at least 10 

minutes prior to the deployment of a sonobuoy. Some types of radio 

transmission will interfere drastically with the sonobuoy signal, and the 

notification will allow the radio officer time either to complete the 

transmission or to postpone it until after the sonobuoy station. Since a 

sonobuoy station may last for several hours, it is courteous to give the radio 

officer up to several hours warning of a sonobuoy station so that the 

transmitting schedule can be altered accordingly. The bridge should be 

notified before any activity on the fantail, especially deployment of 

equipment. In addition, the bridge should be notified prior to a station so 

that speed and course changes will be avoided if at all possible. In this 

regard, it is also helpful to notify the navigation watch so that course or 

speed changes will not be requested from the lab.

(3) Fill out log forms

Log forms, as shown in Figure 9, should be prepared for each sonobuoy 

prior to launch. These forms contain all information essential for later



Figure 9 Example of sonobuoy station log. Sonobuoy recorded 
on two recorders (0-6 and Jl-12 seconds) with under­ 
way multichannel operations.
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SONOBUOT STATION LOG

7 SHIP R/V * P.. Le-,T

CHIEF SCI. A . C OQ^C?

GENERAL AREA ** A I *  *> P *~ *  ^ A. ) / n

_^,o   . ' / ^-^a - -5 f 1
APPROXIMATE LATITUDE 5 £> S f *+ & C 3

LONGITUDE 1 "7 C ° 5" / ' / 11 7 * 3*' *

WATER DEPTH "Z" , O £"% .ec "V /  */**$» kn/«ec
(2-w.y) U

SURFACE WATER TEMP /O °C METHOD Vd\oe(^-tr<^

WEATHER: ^LEAJT) . DRIZZLE HEAVY RAIN
   

II. ACOUSTIC SYSTEMS 

DEPTH BELOW SEA SURFACE 

A. 3.5/12 kHz TRANSDUCER ft

B. SEISMIC SOURCE: AIRGUNS V<O ft

ARCERS   ft

C. SINGLE CHANNEL STREAMER ft

POWER: BATHYMETRY 3.5 kHz djj kHz^) 

AIRGUNS 1 3Z^ cu. in.

ARCER kJ

III. RECORDERS 

1. GRAPHIC RECORDER: RECORDER NO. ^ f t

MODE: ^tart/StojT) Continuou*

SCALE:  

SWEEP «» f D »ec

TRIGGER: Edge 1/4 . 1/2 3/4

PAPER FEED */£ f V& line* /inch

INITIAL RECORDER DELAY Of*/ gee
(thumbwheel)

SEISMIC ROLL NUMBER(S) L>A/lfc * ^ ^ ^^"55" ^ ^

IV. SONOBUOY GEAR 

1. SONOBUOY TYPE S^'7G SER. NO. \\°^T 1

CHANNEL 2 O U AMPS:C^Jtjced galff^ AGC

PHONE DEPTH l7iO ft DELAY RELEASE *O f^T

FREQUENCY BAND 76 MHz 171 MHz ^*TtYHz^

2. RECEIVER ( ImTifcl; 

FRONT FILTERS HI £><JT LOW £~

GAIN ' ^ dB

BACK 5 Hz LOCUT SWITCH ^ff^/ On

DATE

LOCATOR L S 77 Ii S

ARCHIVE S^A/O ^/G
(Stm. No.)

: "HE * 7 COURSE OtT<V A/«T

SPEED ^*.J^ »4,ri

SEA STATE /I'S' S<-J<\\^   C«-l«  

WIND: VELOCITY 1 5t kt« DIRECTION ^5^
(from)

FIRE SEQUENCE: 

ClPISTASCE BASIS ^^^) TIME BASIS

DISTANCE $~&   TIME «ec

FIRE SEQUENCE DIAGRAM

air <f<;*i 0*ly
:TRIGGER TIMES:- - - 

SEISMIC ft ) - GRAPHIC RECORDER(t.) v«ec
O 1 

SEISMIC (t ) - MAG TAPE RECORDERS.) v«eco *

2. MAGNETIC TAPE RECORDER
j   . | J

TYPE H-P 5*t(»SA O TfcK /*/ »0

TAPE SPEED 3 A/ in/»ec

TAPE/TACH SERVO \O^ Off

FOOTAGE COUNTER: /*/O*/ «tmrt run

3O V3 end run

CHANNEL FM/DIR INFORMATION

X^N 1 I ' 11 /TMy M» v*rTiec.v «^ci^c^cc

2 fryn ] &MA P^ * 1 1 ill I 
I 'n/ vTR y\ %tfkV\^ W> A T** 1 T ^^ ^ ^

3 frj\j 1 **^^ 1 ^ I f* * t V I

A (^m ^'^^tJk'I^,.;*-.

, /^   . , , rc<i. *" f y . i i
e> ^ry *«» w*.^tfr br *u.   r i *v\r*

8 -*M (glJL/ V'^ i C d f. U^ U/ \/
WATER BREAK ADD Off
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reduction and interpretation of the sonobuoy. In addition, the logs serve the 

very important function of verifying claims in the event of a sonobuoy 

failure. The entries on the log forms are all straightforward. Two entries 

worth mentioning are the water depth, which should be noted in two way time 

from the bathymetry record, and the horizontal velocity of sound in water, v^, 

which appears on the satellite navigation terminal output.

(4) Prepare analog tape recording system

First, tape heads and drive capston should be cleaned, if necessary (see 

p. 23). Then, a new, properly labeled tape should be mounted on the recorder 

to record vertical incidence seismic prior to the launch of a sonobuoy. It is 

advisable to record pertinent information on the voice channel, i.e. 

information such as cruise identification, sonobuoy station number, time, tape 

recorder channel designations and area. The footage counter on the recorder 

should also be set to zero and noted on the tape. Finally, the tape speed 

should be checked, usually 3 3/4 ips.

When vertical incidence seismic recording is underway, the input levels 

for each tape recorder channel should be measured with an oscilloscope and 

reset if necessary. Most important are the seismic channels and the trigger 

channel. The seismic channels should be adjusted for maximum gain without 

clipping the signal, while the trigger pulse should be adjusted so that at 

least a 2 volt signal is recorded. The Raytheon recorders require a two volt 

trigger. Having set the input gains, you should then look at the output 

signals (the recorder can record and playback simultaneously). This will 

insure that the signal being recorded will be useable for playback at a later 

date.

(5) Preparation of Graphic recorders
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In most operations, when not recording sonobuoys, the graphic recorders 

are being utilized for display of other seismic data. Therefore, prior to a 

sonobuoy station, the seismic data being recorded should be interrupted, the 

paper advanced several inches, and the start of the sonobuoy station clearly 

marked, along with time, scale, and filters or source, if necessary. The 

recorder should then be set up to record vertical incidence seismic, 

preferrably using the same initial delay and sweep rate that will be used to 

record the sonobuoy.

The input for the UGR will come either directly from the sonobuoy 

receiver, or will come from the output of the tape recorder. Make certain 

that the trigger pulse to initiate the recorder sweep is consistent with the 

signal, i.e. if the signal is coming from the tape recorder, then the trigger 

input to the UGR should also be the output from the trigger channel of the 

tape recorder. Failure to match the signal and trigger pulse will create a 

recording offset because of the finite distance between the write and read 

heads of the tape recorder.

In shallow water, one graphic record is sufficient to record all data. 

If one recorder is being used to display the tape recorder output, it is 

advisable to make two graphic records, to protect against complete loss of 

data in the event of tape recorder malfunction. In deep water areas, it is 

usually necessary to record the sonobuoy on two separate graphic recorders. 

This is due to the long water path. In 5 seconds of water, even an 8 second 

record will provide only 3 seconds sub-seafloor. This problem can be 

circumvented by introducing a deep water delay, and recording from 4-12 

seconds. Therefore, two recorders are necessary: one to record the direct 

arrival and seafloor (0-8 sec or 0-6 sec) and a second to record the complete 

sedimentary section.



Generally, we make a 0-6 second record and a 4-12 second record in deep 

water areas. Both records are used in subsequent digitizing of the wide angle 

reflections, so it is essential that both are correctly marked, particularly 

that the zero trace (the closest approach of the sonobuoy to the airguns) is 

marked on both records. It is also helpful to periodically make simultaneous 

marks on both records to insure correct correlation of seismic traces during 

the data reduction. 

(6) Lab prelaunch and launch

Proper preparation of all equipment prior to the actual launch of a 

sonobuoy is the key to success! While the sonobuoy is on the deck the 

receiver in the lab should be tuned to the transmitting frequency of the 

sonobuoy to verify that the buoy is transmitting properly at the crystal 

frequency or channel marked on the sonobuoy (the channel markings are 

occasionally incorrect). The controls on the front panel of the receiver 

(gain and filter settings) should be initialized (see Log form, Figure 9, for 

example) and the antenna preamp (if using a low frequency sonobuoy) should be 

adjusted to a low gain setting. It is advisable also to check all signal 

paths, to ensure that the correct receiver and module are being recorded, and 

that the trigger pulse is correct. All input signals going onto tape should 

be checked with an oscilloscope. This ensures that the recording levels are 

in the proper range (maximum gain without clipping of the signal) and that the 

proper signals are actually being recorded.

If possible, launching the sonobuoy should be a three person operation; 

two people on the fantail and one person in the lab. Radio contact is 

desirable, but careful planning and coordination may suffice. The two people 

on the fantail should wear survival gear, and the person who actually launches 

the sonobuoy should be secured by a safety harness. The second person on the



fantail coordinates the launch by radio. Once everyone in the lab and on the 

fantail are ready, a countdown of airgun shots can commence. This countdown 

enables the person in the lab to prepare for and determine the precise time 

that the sonobuoy will be in the water and adjacent to the airguns.

During the countdown period, several actions must be completed by the 

lab person. A countdown of the shots on the voice channel of the tape during 

this time will prove invaluable upon later replay of the tape. Two airgun 

shots before the launch, the feed rate on the recorders should be increased 

(to 40 lines per inch) and the input signal to the graphic recorders switched 

to display the sonobuoy seismic rather than the vertical incidence seismic. 

When the sonobuoy is in the water and at the airguns, event marks should be 

placed on the graphic recorders and simultaneously a voice annotation made on 

the voice channel of the tape recorder that "the sonobuoy is at the guns". As 

soon as possible thereafter, the reading of the footage counter on the tape 

recorder and the launch time should be noted in the logs. Next, the graphic 

recorders should be adjusted for the sonobuoy signal; the receiver should be 

checked to ensure that the sonobuoy is properly tuned and that the AFT is 

tracking the radio signal; and the tape recorder output signals again checked 

with the oscilloscope to guarantee that all signals are being recorded 

properly (without clipping) on the tape recorder.

Underway operations

While the sonobuoy station is underway, there are several items that 

require monitoring. Initially, one must watch the RF signal strength 

carefully and keep the antenna preamplifier as hi^i as possible without 

overdriving the reciever (for low frequency sonobuoy only). The signal levels 

being recorded on tape should also be rechecked periodically and adjusted if



necessary. As the station progresses, the gain on the receiver should be 

increased as the signal strength diminishes, and the hicut filter can be 

lowered to enhance the lower frequencies in the seismic signal. All changes 

should be noted on the log sheet as well as on the voice channel of the tape. 

If more than one recorder is being used, it is important to periodically 

(every 10 or 15 minutes) mark the same trace on all records with the event 

mark.

After 20-30 minutes, it may be necessary to introduce a sweep delay to 

the record. Generally, it is important to keep the direct arrival on the 

record, as well as all the seismic information. Continue to increase the 

delay until either the maximum allowable delay (dictated by the fire rate) is 

used, or until the direct trace and the seismic traces can no longer be kept 

on the record at the same time. A change in the amount of delay should always 

be accompanied by an event mark on the record. This will facilitate later 

preparation of the record, when it must be cut at these delay changes. This 

preparation will also be greatly facilitated if the amount of delay is a 

fraction of the integral number of time lines. (For example, on a six second 

record, time lines are generated by the UGR every 0.6 seconds. Therefore, 

successive delays should be integral multiples of this: 0.6, 1.2, 1.8, etc.) 

Using these fractional delay times will make it easier to align the section 

when constructing the complete sonobuoy record.

If the sonobuoy is deployed during multichannel operations, particularly 

for sonobuoys on the shelf, it is helpful to obtain wiggly trace camera 

records from the GUS 24 channel system. These records enable the 

identification of shallow reflectors and the definition of reflectors which 

may be obscured at the beginning of the sonobuoy station.

Generally, all sonobuoys are recorded until radio signal is lost, or



until it is clear that no additional seismic information is forthcoming. It 

is always advisable to continue recording until long after the buoy appears to 

have stopped sending useful information. We have found that atmospheric 

"skipping" of the radio signal often will provide small windows of seismic 

information well beyond the normal range of the sonobuoy. Later replay or 

processing may illuminate previously obscure information. In the course of 

very long sonobuoys, more than one reel of magnetic tape will be required for 

a single station. The tape change should be accomplished as quickly as 

possible to avoid obvious loss of information. The number of shots missed in 

changing reels should be accurately counted and noted in the log.

When the sonobuoy station is completed, the radio room and bridge should 

be notified so that the may resume their normal operations. The navigation 

watch should also be notified, so that necessary speed or course changes can 

be ordered. Upon completion, it is also useful to mark the start and end 

times of the station on the vertical incidence records. This will help locate 

the station later when the vertical incidence record must be referred to for 

dip information.

Replaying analog tapes

Replaying sonobuoy tapes is most easily done during the cruise while the 

necessary equipment is available and operational. The playback time can be 

reduced considerably if the sonobuoy tapes are replayed at higher speeds than 

those at which they were recorded. We normally replay our buoys at 15 ips, 

which is *J times faster than the recording speed of 3 3/^ ips. To produce an 

equivalent sonobuoy record at the higher playback speeds, both the filter 

settings on the external Krohn-Hite filter and the sweep speed on the UGR must 

be changed by the appropriate fraction: playback speed/recording speed. On
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playback, the filter settings should always be higher and the UGR sweep speed 

should be lower than the equivalent original sonobuoy record. At 15 ips we 

use Khron-Hite filter settings of 20-240 Hz to get a 5-60 Hz record and we use 

a sweep speed of 2 seconds to get an 8 second record.

Since the reason for making replays is to recover information that may 

have been lost or obscured on the original record, it may not be necessary to 

replay the sonobuoy if the original record is good. Some enhancement of the 

seismic data is possible by using different filter settings during replay. We 

routinely make one replay that is filtered to contain only the waterbreak 

channel (600-1200 Hz) so that the accurate direct times, often not available 

on the original record, can be determined.

For accurate replays, insure that the tape recorder is using the 

precision drive frequency that was recorded on the tape during the sonobuoy 

station.

39



III. REDUCTION AND INTERPRETATION OF FIELD RECORDS

Shipboard Interpretation

Preliminary analysis and interpretation of sonobuoy records may be done 

onboard ship with a few drawing supplies (Mylar, straight edge, pencil) and a 

hand calculator. Refraction records are straightforward since velocities can 

easily be determined from the ratio of the slope of the refractor to the slope 

of the direct arrival. The depths to the refractors can then be computed 

using the refraction velocities and the refractor intercepts at x = 0 (nearest 

approach of the sonobuoy to the sound source). An approximate technique for 

determining interval velocities from the wide angle reflection records can 

also be done onboard ship. Velocities (rms) for successively deeper 

reflecting horizons are first determined by a graphical method, and are then 

used in Dix's equation for computing the interval velocities. Detailed 

procedures for shipboard analysis of refraction and wide angle reflection data 

are given in Appendix C.

Office Procedures

Careful analysis of the sonobuoy records can be done only in the office 

where special digitizing and computer facilities are available. The analysis 

procedure involves five basic steps:

Processing Step System/Procedures Used Pages/Appendix

1. preparing the records done by hand 41-42

2. choosing and tracing done by hand 42-44 
seismic horizons
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3. digitizing and TEKTRONIX 4051: interactive 44-61/F,J
editing seismic BASIC programs REFRACT LINDIGIT
horizons and S10DIGIT

4. processing the HONEYWELL 68/80 MULTICS 62-65/H,K 
digitized data on System: FORTRAN Programs 
MULTICS (to determine LINFT and SLOWI 
velocities and depths)

5. interpreting the done manually and with b6-68/I,L 
computer results FORTRAN programs POLYFIT

and SONOMODEL

A complete sequential listing of all the computational steps is given in 

Appendix E.

Preparing the Records

Once the sonobuoy records have been excised from the seismic reflection 

rolls (easily done onboard ship) they should be mounted on a stable backing 

(48" wide, heavy brown wrapping paper works well). Records that contain time 

shifted data must be carefully cut along a single vertical trace at the time 

shift. Use a good pair of scissors and a steady hand, or a straight edge and 

an exacto knife. The cut sections are then time shifted, aligned so that 

timing lines are parallel, and taped to the backing. The sections must be 

shifted and aligned very carefully because the digitizing and computer 

processing techniques are highly sensitive to discrete shifts in the 

reflecting, refracting, or direct arrival traces. The record is then covered 

with a sheet of clear mylar acetate (3 mil thick), that has been "cured" for 

shrinkage. (Leave the unrolled sheet of mylar on a flat surface for a few 

days before using.)

All interpretatons and reference lines should be drawn on this overlay 

with drafting pens (point 00 or smaller). The horizontal timing lines, the 

initial trace (the closest approach of the sonobuoy to the source) and a 

reference dot on each corner of the record should be drawn on the overlay for



later orientation. The UGR recorders do not draw either the uppermost of 

lowermost horizontal time lines, so these must be determined using a Gerber 

scale or ten point dividers.

Choosing & Tracing Seismic Horizons

Next, the seismic traces should be marked on the overlay. The seismic 

arrivals generally consist of a complex wave train, and it is important to 

pick the same phase of the wave on successive recorder sweeps. The use of 

transparent colored inks (red, blue, violet) leaves the phase clearly 

discernable beneath the inked line. Because the ink tends to spread on the 

acetate, it is advisable to use the narrowest drawing pen available.

The direct trace should be drawn and extended back through the initial 

sweep trace. The intersection of these two lines (the initial sweep and 

direct tract) is the time origin of the sonobuoy record. If the sonobuoy 

hydrophone had been precisely adjacent to the airguns on the first sweep, and 

if the air guns and the recorder had been triggered simultaneously, this 

intersection would correspnd exactly to the time origin of the graphic 

recorder. Thus, any difference in zero times results from delays in the 

timing and recording circuitry and from a difference between the depth of the 

sonobuoy hydrophone and the airgun. When drawing the direct trace, be aware 

that slope changes in the direct arrival trace may occur; these result from 

small relative course or speed changes during the sonobuoy station.

The refractors can be drawn next. In shallow water (less than 

300 meters), this is a relatively straightforward process, because all 

refractors appear as first breaks on the record (see Figs.2 and 5). On 

records from stations in deeper water, however, shallow refractions do not



always come in as first breaks, but may be masked by refractions from deeper 

horizons, (Figs. 3 and 6). Therefore, care must be exercised when picking the 

deep water records to guarantee that all possible refractors have been marked.

Generally, shallow water sonobuoy stations (less than 300 meters) 

produce good refraction records, but do not yield useable wide angle 

reflection records. Because the moveout of a reflection hyperbola occurs 

rapidly for shallow reflectors, the reflection information is usually 

impossible to read from the higfc vertical exaggeration sonobuoy records. As a 

general rule, the horizontal distance over which useful wide angle reflection 

information can be collected is equal to twice the water depth. With a 50 

meter sample interval, measurement of wide angle reflections does not become 

feasible on the sonobuoy records until the water depth exceeds 1000-15000 

meters, and is best done in the deep ocean basins (greater than 3000 meters of 

water).

Even on a good quality sonobuoy record, there may be a multitude of 

possible reflection traces to pick, primarily because the reflection section 

is often complicated by multiples and artificial "bubble pulse" reflectors. 

In the absence of other information, it is perraissable to pick all possible 

reflections and rely on later editing to identify and remove the questionable 

traces. This is a time consuming process, however, and a preferable method is 

to establish initial criteria to determine which reflection traces should be 

p icked.

The first criteria involves choosing those reflection traces which have 

associated refractors. A refractor, once identified, usually can be traced 

back to the reflection to which it is tangent. As mentioned earlier (p. 11), 

assignment of the refraction to the correct reflection hyperbola may be aided 

by noting which reflection hyperbola undergoes an abrupt increase in



reflection amplitude near the point of tangency. Computer results from the 

refraction data, if available, can also be used as a guide in determining the 

normal incidence time to the refracting horizon. The normal incidence times 

to the refractor (from the refraction solutions) should be compared to the 

vertical incidence seismic reflection profile recorded just prior to launching 

the sonobuoy to locate the correct reflecting horizon.

A second criteria is that all prominent reflectors observed on the 

reflection profile (ideally a processed multichannel record) over the sonobuoy 

station should be picked on the sonobuoy record. Artificial reflections are 

sometimes suppressed on the vertical incidence record, making it easier to 

pick out the real reflections. The real reflections can be identified on the 

early traces of the sonobuoy record.

A final criteria can be employed if there are several sonobuoy stations 

that are close together. Reflectors can often be correlated from one station 

to another, assuming that reflectors in the region are continuous. 

Correlating reflectors between stations will not only aid in picking the 

records, but will benefit the interpretation by producing a more realistic 

picture of the sub-surface velocity structure.

Digitizing and Editing Seismic Horizons

Once the sonobuoy record is prepared and marked, the interactive 

computer programs for the TEXTRONIX 4051 System are used to digitize the 

sonobuoy record. Refractions and wide angle reflections are digitized 

separately, using two different programs LINDIGIT and SLODIGIT. In the 

following sections, we first describe the machine on which the digitizing is 

done (the hardware) and then describe the computer programs which have been 

written to perform the digitizing (the software). Appendix G contains



examples of the digitizing programs, while Appendix J contains program 

listings.

In the past, digitizing the sonobuoy records was a time consuming 

process that had to be done manually. The time pairs were measured off the 

record using a Gerber scale, then recorded on computer coding forms, 

keypunched, and read into the computer. Now the process is semi-automated and 

relatively fast. The individual points are picked by hand using a cross-hair 

cursor and a digitizing tablet. The position of the digitized point on the . 

sonobuoy record is automatically input to the minicomputer program and is 

stored in the memory. The minicomputer program also allows interactive 

editing of the data points before the program writes a final data set on 

magnetic tape. The final data set is, in turn, transferred to and used by the 

U.S.G.S. Honeywell computer (MULTICS) to complete the data reduction. 

Simplification of the numerous intermediate steps (coding, keypunching, card 

reading, etc.) has substantially decreased the time necessary for processing 

a sonobuoy record.

The computer programs for digitizing the sonobuoy records are written in 

a modified BASIC language for a Tektronix 4051 Graphics System. Two pieces of 

peripheral equipment, a Graphics Tablet (Tektronix 4956) and a Digital 

Cartridge Tape Drive (Tektronix 4924) are used by the Graphic System during 

the digitization process. A third peripheral device, a Hard Copy Unit 

(Tektronix 4631) is useful, but not required, for copying information from the 

CRT screen. The 4051 Graphic System must be equipped with 16k bytes of 

memory, a binary program loader, and a data communications interface in order 

to run the programs and communicate with the MULTICS computer.



General Notes on the Tektronix System

Before using the sonobuoy digitizing programs, it is helpful to become 

acquainted with the Tektronix 4051 througn the Graphics System Tutorial, 

available on the Plot 50 Systems Software Tape. To get started, turn the 4051 

on (the switch is under the console on the rig-it) and allow the machine a few 

seconds to warm up. (Ihe screen will become brig-it, and can be cleared with 

the "HOME PAGE" at the upper left of the keyboard). Insert the Systems 

Software Tape and press^UTOLOAD^at the upper rig-it of the keyboard). The 

program will enter an interactive mode. To the first question reply "4" and 

press "RETURN". This will initiate the tutorial.

During the tutorial, you may wish to retain a copy of the information on 

the screen. This requires that the hard copy unit be on and warmed up (5-10 

minutes in advance). Then, the screen linage may be copied by pressing "MAKE 

COPY" (at the upper rigit of the keyboard) or the button on the hard copy 

unit. The "ligit-dark" control adjusts the intensity of the copied image.

Digitizing Programs

Ihe digitizing programs written for the 4051 are completely interactive. 

All input is requested throug-i the program, and is entered from either the 

terminal console or the Graphics Tablet. All console input is free format. 

Program output is sent either to the terminal CRT screen or, if requested, to 

magnetic tape through the auxiliary tape cartridge drive. Permanent record of 

output to the CRT screen is possible only with the hard copy unit.

The final output data set is written to and stored on the data tape in 

the auxiliary tape drive. This data set is subsequently transferred to the 

MULTICS computer system for reduction. Each data set is written on a separate 

tape file, which must be marked prior to writing. The digitizing programs 

will mark the tape file automatically if requested. Previously marked tape



files may be overwritten without disturbing the data on the rest of the tape. 

MARKING A NEW TAPE FILE, HOWEVER, WILL DESTROY ALL SUCCEEDING TAPE FILES!! 

Therefore, care must be taken to maintain a record of the tape files 

previously used, if several data sets are written on the same tape before they 

are transferred to MULTICS for permanent storage.

The magnetic tape cartridges contain a write protect mechanism. This is 

a small slot at one corner of the cartridge, with a black triangle inscribed 

next to it. The slot can be turned with a screwdriver or even a strong thumb 

nail. When the trangle points to "SAFE", the magnetic tape cannot be written 

on, and is write protected. When the triangle points the other way, the tape 

is "write enabled", and data can be written to tape.

To initiate either digitizing program, the sonobuoy program tape should 

be inserted into the 4051 internal tape drive, and the data tape, write 

enabled, should be inserted into the peripheral tape drive. The user starts 

the program by pressing the "AUTOLOAD" button and, when queried, by indicating 

which type of data (refraction or reflection) is to be digitized. This will 

direct the program to the correct starting point, and the interactive process 

will begin.

The operation of the program can be monitored in several ways: by the 

questions or statements written on the CRT screen, by the status lights at the 

upper righthand side of the console, and by the cursor (the blinking signal on 

the screen). While the program is operating, the "BUSY" status ligfct will be 

illuminated. When user input is required, the I/O status light will also be 

illuminated, and the cursor will either be blinking "?" (indicating console 

input) or will have disappeared (indicating digitized input from the Graphics 

Tablet). When the program has reached a stopping point, all lights (except 

"POWER") will be dark, and the cursor will display a blinking rectangle. At



this point, the program is awaiting direction via the user definable keys.

The user definable keys (referred to later in the text by UD #) are 

located at the upper left of the terminal console, and serve as a nerve 

network, directing program flow and providing user commmand control. 

Generally, the user definable keys either branch to a subroutine which, upon 

completion, returns to the program point at which the branch requested; or 

they link to subsequent program sections and continue execution. The specific 

function of each user definable key is indicated on a plastic overlay which 

can be placed over the keys for easy reference.

Whenever the CRT screen becomes full with input data, the "page full" 

condition will be indicated by a blinking "F" in the upper left corner of the 

screen. The "HOME PAGE" button at the upper left of the keyboard will erase 

the screen and allow the program to continue. If a copy of the information on 

the screen is desired, it can be made at any time by pressing "MAKE COPY". 

Any input from the keyboard is terminated by a keyboard "RETURN". An input 

error can be corrected before the "RETURN" by either erasing (with the 

"RUBOUT" key) and retyping, or by pressing the "CLEAR" key (at the top center 

of the console) and reentering the data.

Digitized data values are input to the program through the Graphics 

Tablet, which must be powered up before the digitizing program has been 

started. The toggle switch to turn the power on is located at the back of the 

control box, on the right. There are two digitizing cursors available, a pen 

cursor and a cross-hair cursor. To digitize a point with the pen, place it 

directly on the point and press sli^itly. With the cross-hair cursor, align 

the hairs over the point and press the white button in the middle of the 

cursor. The pen cursor is easier to use, while the cross hair cursor is more 

accurate. Most sonobuoy digitizing should be done with the cross hair cursor.



Whenever a point is digitized, the 4051 will emit a short, high pitched 

tone. If this tone is not forthcoming, then something is wrong. It may be 

necessary to quit the program (by pressing the "BREAK" key twice) T turn the 

digitizing table off and on again, and restart the program. Before the 

program is started, later trouble may be avoided by pressing the white button 

on the cursor (or by pressing the pen point) and observing the red lights at 

the left of the control box. Before the program is operating, the "Z-AXIS" 

light should go on when the button is pressed, but the "PROX" light should 

remain off. When the program is operating, both lights should go on, and the 

"PROX" button will generally stay on.

Each of the digitizing programs requires that the origin of the record 

be set before the other points are digitized. The program will direct the 

user when this step is required. To set the origin, press the "ORIGIN" button 

on the control box, and digitize the origin point, with the origin button de­ 

pressed. After hearing the tone, release the the origin button.

The sonobuoy record should be placed on the digitizing table with the 

time axis aligned approximately parallel to the long edge of the table. 

Therefore, the origin will usually lie near the lower left corner of the 

table. The record need not be aligned exactly parallel with the table, 

however, because the program performs a coordinate transformation on each 

point to correct for misalignment.

In order to process the sonobuoy reflection or refraction data, the 

computer program must be provided with both the distance from the ship to the 

sonobuoy as well as the total reflection or refraction time required for the 

energy to travel from the airguns throu^i the water and subsurface rocks to 

the sonobuoy. The distance is computed from the direct arrival time and the



total travel time is read directly from the sonobuoy record. Consequently, 

the digitized input required for the processing programs consists of time:time 

pairs (e.g. direct arrival time:total reflection time).

Refraction traces are easier to pick than reflection traces. Five point 

are usually sufficient to define a refraction, whereas at least 15, and 

commonly 30 or more points are required to reliably determine a reflection 

hyperbola. Refraction traces are most easily picked by digitizing a direct 

time and a refraction time for each data point. Therefore, five points along 

a refractor will require 10 time picks. Because successive reflectors on a 

record underly one another, digitizing reflect ion points is facilitated by 

picking a direct time and then all the reflection times along the same 

recorder trace. Therefore, if 8 reflecting horizons are to be measured, then 

9 data points (one direct and 8 reflection) will be picked along a given 

recorder trace.

Digitizing Refractions (Textronix Program LINDIGIT) 

The program for digitizing refraction records is straightforward and 

self-explanatory. All the input data required is available on the record 

itself or on the log sheets. The following procedure describes the basic 

steps in the program, and a complete example may be found in Appendix D.

1. Place the sonobuoy record on the Graphics Tablet and secure it in 

place.

2. Initialize the program by following the instructions given.

3. Set the Origin and determine the scale factor.

4. Check the reference marks and reset the origin, if necessary.

5. Digitize the data points (direct arrival: total travel time 

pairs).
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6. Write out the parameters to the screen for copying.

7. Write and output data set to tape for transmittal to Multics.

The program is controlled interactively; there are no user definable 

functions available, with the exception of the MULTICS login procedure (UD 

14).

Two options are available in the program. The first is the number of 

points per refractor that are to be picked. We have found that in general, 

five points are sufficient to determine refractions accurately. However, in 

some situations it may be preferrable to pick more points. The program will 

also provide a hypothetical seafloor refractor (given the depth of the 

seafloor and an assumed velocity of 1.55 km/sec). This option is probably not 

necessary in shallow water, but is required on deep water buoys where the 

seafloor refraction is probably not visible on the record.

Digitizing Reflections (Textronix Program SLODIGIT)

The reflection digitizing program is completely interactive and prompts 

the user for all necessary input information. A good rule to follow in 

choosing the horizontal distance over which the wide-angle reflection traces 

can be used for the velocity analyses is that the total reflection angle from 

seismic source to sonobuoy should not exceed 90° (incidence angle of 45°; 

Knott and Hoskins, 1975). The 90° reflection angle is reached for the 

seafloor rougftly at the vertical trace on the sonobuoy record at which the 

direct arrival time is equal to the normal incidence time for the seafloor 

(see Figure 10). All reflection picks should be made prior to this vertical 

trace. Thirty data points are sufficient to determine the wide angle 

reflection, although as few as fifteen and as many as forty may be used.
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Figure 10 Method for picking wide angle reflections in deep 
water to ensure even distribution of samples 
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TABLE 2

Function of User Definable Keys - 
Reflection Digitizing Program

UD // UD Key
	Name

1 Repick point

2 Skip layer

3 Stop on trace

4 STOP digitizer

5 List parms

6 Delete layer

7 Delete trace

8 EDIT points

9 Residual table

10 SLOWI list

11 X2T2

12 DHRC

13 Reference check

14 MULTICS login

15 List picks

16 EDIT

17

18 DUMP to tape

19 RECYCLE from 
	tape

20 SLOWI to tape

Function

Repick point - correction while 
digitizing

Skip layer - correction while digitizing

Skip rest of vertical trace-correction 
while digitizing

Stop digitizing

List input parameters

Delete layer

Delete vertical trace

Edit (remove/reinsert) points

Print residual table

List SLOWI formatted data set

Branch to X2 - T2

Branch to DHRC

Verify record alignment 

Login to MULTICS 

List digitized picks 

Branch to EDIT

Dump digitized data to tape 

Read data from tape

Program 
Section

DIGIT

DIGIT 

DIGIT

DIGIT

DIGIT

EDIT

EDIT

EDIT

EDIT

EDIT

DIGIT, EDIT

DIGIT
EDIT
X2T2

DIGIT 

EDIT 

DIGIT 

X2T2

DIGIT 

DIGIT

Write SLOWI formatted data set to tape EDIT
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pBecause the reflection time versus distance equation is linear in X , the

P digitizing interval should also be equal increments of X^. If instead, equal

p p increments in X are used, the least squares solution for the Yr - ^ line will

be too heavily weighted near the origin. Therefore, the digitizing intervals 

should get closer together with increasing values of X. The digitizing 

process is considerably facilitated by counting and marking the recorder 

traces before they are digitized. Figure 10 illustrates which traces would be 

picked if we wished to make 25 picks over 100 traces of the seismic record.

If the digitizing is done from two records (one containing the direct 

arrival and the other containing the seismic information) it is essential that 

the traces on each record be accurately counted and that identical traces on 

both records be marked before digitizing. The direct time and reflection 

times must be measured along the same trace or significant errors will result. 

(It is for this reason that emphasis was placed in the operation section on 

carefully marking the intitial trace on both sonobuoy records, and on placing 

simultaneous even marks on both records at periodic intervals).

The program for digitizing wide angle reflection records is a more 

complicated program than the refraction digitizing program, since it performs 

several functions in addition to simply digitizing the record and writing an 

output data set to tape. The program is broken into five subprograms; these 

subprograms are linked together through the user definable keys. An example 

of the reflection digitizing program is given in Appendix F, and the BASIC 

program in Appendix J. Table 2 indicates the user definable functions 

available, with descriptions of their use and the program sections under which 

the functions operate. Table 3 lists the procedure to be followed for 

digitizing and editing a wide-angle reflection record. The five program 

sections are:



I. Initializing and digitizing: DIGIT

II. Delayed hydrophone release correction: DHRC

III. X2-T2 calculation: X2T2

IV. Data editing: EDIT

V. Dump to tape and recycle from tape: DUMP

I. Initializing and digitizing

This section interactively queries the user for all required input 

information. It asks the user to digitize all relevant points on the 

record (e.g. the origin, the zero point, the point at which the 

hydrophone was released, the seafloor, etc.) The program allows for data 

points to be digitized from a single record, or for the direct times to 

be digitized from a second record. Generally, the direct time is 

digitized first, followed by the reflection times along the same recorder 

sweep for all the reflecting layers. (If two records are used, all the 

direct times are digitized first, then the same recorder traces are 

located on the second record and the successive reflectors digitized.) 

While digitizing, the user is capable of making minor corrections or 

changes in the digitizing order through the user definable keys. If a 

user definable key is used while digitizing, it must be "activated" by 

digitizing a random point on the table. (The point digitized to activate 

the UD function is discarded, so its position is irrelevant.) These 

allow a point to be repicked, if done before the succeeding point is 

picked (UD 1), for a single layer to be skipped along a trace (UD 2), and 

for all succeeding layers to be skipped along a trace (UD 3). When all 

points have been picked, the digitizing is halted with a user definable 

key (UD 4). A final step in this section is to write out a table of



TITLE SLODIGIT TAPE* FILE*

DHRC I check

18 DUMP | 19 KecYCLE| 20 5LOWr 
to tape I from tape j fo tape

Detefe 
7 trace

Residual I XOWI 
9 table 110 litt

DATA COMMUNICATION INTERFACE

Figure 11 Overlays for user definable keys for the reflection 
digitizing program and data communication inter­ 
face (MULTICS interface). UD 14 (MULTICS login) 
on the reflection digitizer also works from the 
refraction digitizer. The only user definable 
functions required for MULTICS operation are 
UD 13 (find file), UD 4 (data send) and UD 5 (return 
to BASIC).
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input parameters (UD 5), as well as a table of raw data picks (UD 15).

II. Delayed hydrophone release correction: DHRC-CUD 12) 

This section is optional, and corrects all points prior to the time 

of the hydrophone release by an amount proportional to the hydrophone 

depth. This adjustment is explained in Appendix F.2 on corrections

concerning the hydrophone lower. This program section automatically

? ? transfers program execution to the next section X - T .

III. X2 - T2 calculation (UD 11)

First, this section converts the direct times to true distance and 

squares the distance:time pairs. Then the program performs a linear 

least squares fit to the squared values and calculates the slope and 

intercept of the least squares line. From these results, the velocity 

and depth to the reflecting horizon are determined, and the interval 

velocity calculated from Dix's eouation (see Dix, 1955 and Appendix ti). 

For each layer, a table is produced listing the input times, the 

converted distance, squared distance and time, and the residual (observed 

T2 value minus least square T2 value). These listings are optional. A 

second table lists the rms velocity, reflection time, interval velocity, 

depth, and coefficient of determination ("FIT") for each layer. Finally,

2 2the program plots the X^ - T values with the linear fit line. This plot 

may be reproduced at different scales.

IV. Data Editing: EDIT (UD 16)

Program control is next transferred to the Edit portion of the 

program, which allows the user to remove horizontal layers, vertical 

traces or individual points from the data set (UD 6, 7, and 8 

respectively). Editing is performed on the basis of the table and plot 

produced by the X2 - T2 section, and by a "residual table" which the
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editing section also produces (UD 9). This residual table lists the same 

residuals that were listed in X2 - T2 , but the tabular form makes the 

identification of poorly picked reflectors and erroneous direct picks much 

easier. The criteria for editing points is discussed in the subsequent 

section on Editing Reflection Data. The final function of the Edit 

section is to write a formatted output data set to magnetic tape so that 

it can subsequently be transferred to MULTICS. However, this need not be 

done after the first call to Edit, because X2 - T2 can be called up again 

from the Edit section, and the two sections iteratively invoked until a 

satisfactory data set is produced.

V. Dump to tape and recycle from tape

This section dumps the digitized data (after completion of section 

I) onto a magnetic tape file for later retrieval and use. Since the 

digitizing of the data is the most time consuming part of the process, 

dumping to tape immediately after completing the digitizing will protect 

against complete loss of data if something goes awry later in the 

process. This feature is also useful if it is necessary to interrupt the

program before reaching the final editing step.*
Section V also allows the user to read the digitized data from tape 

and to reenter the program as though the initial digitizing section (I) 

had just been completed. To recover this data, respond affirmatively to 

the first question asked by the program ("Do you wish to recover data 

from tape?"), and when queried, specify to which tape-file the data you

wish to recover has been dumped. After the data read is completed, the 

"Parameter List" key can be pressed to verify that the correct data has

2 2been recovered, and then the HDRC or X^ -Tc button can be pressed to 

cont inue.

58



Table 3 

Procedure for digitizing and editing wide-angle reflection data

1. Digitize record (Part I)

2. Dump raw digitized data to tape (Part V). This step protects against 

later error or interruption in the process.

3. Delayed hydrophone release correction (Part II). The Delayed

hydrophone correction can be called directly after the digitizing step,

? ? or can be made after X -T and/or Edit have been called. It is sometimes

j ^ helpful to see the X -1 plot before and after the correction to

determine whether the data was improved. This correction is reversible,

that is the correction can be removed if it appears detrimental. This

? ? subprogram branches directly to Hr - T . See Appendix F.1 for a more

complete explanation of this correction.

4. X2 - T2 (Part III). This is the first pass at X2 - T2 .

5. Edit (Part IV). First print out a residual table, and use it in

? ? conjunction with the X - 1 table and plot to edit traces and points

through the user definable keys.

6. X2 - T2 (Part III). With the edited data set, return to X2 - T2 and

reevaluate preliminary velocities and depths.

p7. Edit (Part IV). Return to Edit. The iterative process between X^ -

^ 1^ and Edit can continue until satisfactory data set is produced. EDIT

allows previously removed points, layers or traces to be reinserted. 

When a final data set is reached, it should be dumped to tape (V) for 

later transmittal to MULTICS, and it should be recorded on paper by 

pressing the "MAKE COPY" button.
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Editing Reflection Data

After the reflection traces are digitized, they must be checked 

carefully for digitization errors. Two principal sub-programs for editing the 

data are available. These sub-programs, which must be used sequentially, are 

X2 - T2 (UD 11) and EDIT (UD 16). Several criteria, based on numbers 

generated by these sub-programs help the user decide which traces or data 

points are questionable and should be discarded. The criteria include:

1.X2 - T2 : The parameter "FIT" (e.g. coefficient of determination) is a

number between 0.0 and 1.0 that indicates the "goodness of fit" between the
^ ^ X , T^ points and the least square line that passes througfc these points. Our

experience has shown that "FIT" should not be smaller than either 0.99990 for 

shallow layers (0.0-1.0 sec sub-bottom) or 0.99900 for deep layers (greater 

than 1.0 sec sub-bottom).

2. X2 - T2 : The RMS VELOCITY should increase with depth. A reflector that 

has an RMS VELOCITY, which is the smaller than that of the overlying layer, is 

probably a multiple reflection event and should, therefore, be removed.

3. X2 - T2 : The INTERVAL VELOCITY normally increases with depth, therefore, 

any decrease in the INTERVAL VELOCITY (less than &Q% of the overlying layer) 

should be examined carefully. The interval velocity is calculated with the 

Dix equation (Dix, 1955), so a decrease may be caused by a computational, 

rather than a real geologic, effect. Normally, computational instabilities 

(e.g. velocity inversions) are found when reflectors are too close to one 

another. The "resolution" of the sonobuoy technique is generally no better 

than a layer thickness that is 1/12 of the water depth (LePichon et al., 

1968). If a velocity inversion in the INTERVAL VELOCITY occurs in a layer, 

try discarding that layer (or discard the next deeper layer if the deeper 

layer is thinner).
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4. EDIT: The residual values (T§bserved-T2alculated ) which are tabulated for 

all data points, should generally be smaller than 300. Omit points with 

larger values. The residual table also shows bad traces (higfr residuals for 

every point along the trace) as well as traces that have a hi#i, but

acceptable, degree of scatter (this is also reflected in the parameter FIT in
? ? the X^ - T^ section). Often the pattern of the residuals for a trace

(negative at both ends of the trace but positive in the middle) indicates

? ? curvature in the X^ - T^ line, which is caused by dip in the reflector.

? ? Once the initial X - T and EDIT steps have been completed and the

erroneous data removed, another iteration of the process is usually advisable.

? p The X - T section can be recalled and calculations made with the corrected

data set. Then editing routine can be entered a second time, and additional 

data removed, or previously edited data reinserted, if desired. When the data 

has been satisfactorily edited, the final function of the editor is to write a 

SLOWI formatted data set to tape. This data set is then suitable for 

transferral to MULTICS and input directly to SLOWI.
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Processing The Digitized Data on MULTICS

The two programs for processing the digitized sonobuoy records are 

called LINFT (for LINear FIT) and SLOWI (for SLOping Wide angle). These 

programs were obtained from Woods Hole Oceanogaphic Institute, and are 

described in detail in Knott and Hoskins (1975). Program LINFT is used to 

process the digitized refraction data, while SLOWI is used to process wide 

angle reflection data. A theoretical basis for SLOWI is given in Appendix D. 

When these programs were converted for use on the U.S.G.S. computer system, 

some significant errors were found and the necessary corrections were 

included. Both SLOWI and LINFT are available on the U.S.G.S. Honeywell 

Multics system in Menlo Park, California. Complete descriptions of the input 

required for each program, as well as an example data set, are included in the 

introductory comments to each program (see the FORTRAN listings in 

Appendix K). Examples of the output from these programs are shown in Appendix 

H.

The Honeywell Multics System is rather formidable, and the inexperienced 

user is advised to obtain some assistance before attempting to use it. The 

procedure below outlines the basic sequence of commands necessary to access 

and execute the programs, but these will be given without further explanation. 

Communication with MULTICS computer, through the Data Communication Interface 

of the Tek 4051, is initialized by calling a BASIC program, which is available 

through UD 14 from either digitizing program. (Warning: by calling this 

program, all digitizing program information is lost. Therfore, the MULTICS 

login must not be called before all the digitized information has been written 

to tape.)
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The following sections describe the method by which the MULTICS programs 

are accessed and executed. Within the text are the commands and replies from 

an actual terminal session, during which links to the sonobuoy programs were 

created. The digitized data were transferred from magnetic cassette tape to 

MULTICS, and the reduction program (in this example SLOWI) executed. The 

terminal session is shaded in the text, and the arrows (   **) indicate commands 

or information entered by the user.

When the MULTICS system has been called up with UD 14, the user is ready 

to login:

I^S^i^IBI 
Passwbrd:

-arc protec ted - f rom pre 'iel^tlb
SBith"*Marine logged in OM/05/78 2252.5 pst ed from ASCII termina

"none"*

p a e mo a.

The terminal parameters necessary for the Tektronix are initialized by:

where ^Ifecho disables the line feed echo by the carriage return (assuming 

that the user has enable If echo, perhaps througji a start _up.ec). The p!34 

parameter sets the page length to 3^ lines and 1172 specifies that the 

Tektronix CRT is 72 characters wide. The stty command can be imbedded in a 

start_up.ec for convenience. With the page length set, MULTICS will stop 

sending data to the terminal after every 34 lines printed, and issue an EOF 

(for End of Page). To continue, press "HOME PAGE" and then "control L". (The 

control key works like the shift key.)

All the segment links necessary to access the programs mentioned here



are provided through an exec_com entitled sonobuoy.ec. This exec_com need 

only be linked to and invoked one time. The procedure is:

>udd>Marlne>JChlld3>sondbuoy>iowi;for^r|in

link >udd>Harine>JChllds> sonobuoy.ee
- Tue

ec
link
link
link
link
link
link
link
link
link

>udd>Marine>JChllds>3onobuoy>linftrfkor^
> ud d> M ar ine>JChlid s> sonobuoy>l in f t^llllllill
> udd >M a r i ne >J Chlid 3> $onobuoy> sonotBol ell |<>r tr an
> ud d > M a r i n e>J Ch i 1 d ̂ ^^pb'^^^j^^^^^^
> udd >Mar ine> J Chl Id s> 'i^.i|<^>&f S^.|]|^P^^H(
> udd >Mar ine> J Child a> ̂ n^t>'u^yXIill|;pillill
>udd>Har ine>JCh ilda>sonobu"6y>piitlllllilil b m*m.
 ''  ' -  -^   -      -   -    :A " - : :-:':-;>x^ :>:-. .-..;: :-.-  . .y-.-.: .<-.<.-. :: : :'-:<<--.: : : .-\^^^^^ '$&$'  :->::>i:^:^:>:

All data stored on the tape cassettes is transferred to MULTICS throu^i 

a text editor. We always use "ted", but "qedx" can be used in an identical 

manner:

ted
>,a -mi

(User definable key 1?) 
(User definable key H)

To execute a sonobuoy program (we have here used SLOWI as an example) it



is first necessary to specify the segments for data input and output. This is 

done with io.ec, which requires two arguments: the input data segment and the 

target segment for output.

testa.data

The results are either printed out at the terminal (with the print command), 

e.g.

pr testa.result 

or printed offline with daemon_print

dp testa.result

When entirely finished, the user should logout, and return the Tektronix to 

BASIC control, with UD 5 (see Fig. 11).



Sonobuoy Interpretation Programs

Two interpretive programs are available. The first, called SONOMODEL, 

produces a Benson-Lehner pen plot of an artificial sonobuoy record. The 

program requires as input a layered model, with specified velocities and 

thicknesses for the layers. Based on ray tracing theory and assuming flat 

lying layers, the program produces a pen plot, which is scaled to match an 

actual sonobuoy record. This plot includes wide angle reflections, 

refractions, direct arrival, and indicates the critical point for each layer. 

Also produced by the program is an output table listing which includes 

critical distance and critical time for each layer.

Before executing the modelling program, an input segment must be created, 

generally through a text editor. The required information and format are 

specified in the introductory comments prefacing the fortran listing of the 

program (sonomodel.fortran). This listing is included in Appendix K.

The terminal session which follows was used to run the SONOMODEL example 

in Appendix I. We assume that this model data set has already been entered as 

a segment called testc.model.data . We ask that the output from SONOMODEL 

be directed to a segment called testc.model . The plot produced by the 

program is contained in the segment called bljplot. When the plot is 

produced, the U.S.G.S. project account to which the plotting should be billed 

must be furnished. This is a nine digit number and is referred to below as 

"account#".
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Segments = : t>/ ::. Lengths; » ̂ ^ 

rev - ' :  ..   " : t-v testc .mod el .d at %

ec asr ' " ' -  :y::^--^-.. ^ ̂ y^:^^ :̂ "^^^ 
asr >udd>bl lib -after working_dir
 -   Wed 03/22 2 1. 14,. 9:

ec io testc.model.data testc.model
** . . . ---- .--..

io attach f ile05 vfile testc .model .data *
io attach file06 vfile testc.model -no^trunc
- Wed 03/22 2115,1

fortr an io r Close files?

ls

: ;r   ' : ' ''^ : :-' : ' :/: 2t? ;^ ' : :. : bl_p 1 o t- 
r:i^j::C;v:?^^testc.m 
re w 1 t e s t c . m od el .da t a

0 3 /22:. 2 TT i>-. ii

, :lib>: pl :otterv:- 
tape bl plot Marine r7traek»den*55^^ 
tape plot.paFm Harine,7track,den=5ft rooun^^^^^^^^
^pE^t^'^lot.pari^JChilcr;^^ 
io detach
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The sonomodel program also contains the option to produce page size 

illustrations of sonobuoy records. A comment in the program listing notes 

which lines must be changed to enable page size plots. To do this, the user 

must copy the fortran listing (sonomodel.fortran) into their own directory, 

make the changes througji the text editor, and recompile the program. Figures 

5 and 6 were produced in this manner.

The other interpretive program called POLYFIT, performs polynomial 

regressions and operates on the Tektronix 4051. The polynomial regression can 

be used to determine the relationship between travel time and sediment depth 

from the sonobuoy results, and hence provides excellent use of the sonobuoy 

data in the analysis of vertical incidence seismic records. See Appendix I 

for further details. The regression program itself is available on the 

Statistics package of the Tek 4051, and is fully cocumented in the Statistical 

package manual. Examples of both SONOMODEL and POLYFIT are contained in 

Appendix I.

b8



REFERENCES CITED:

Bialek, E. L. (editor), 1966, Handbook of oceanographic
tables: Special Publication SP-68, U.S. Naval Oceano­ 
graphic Office, Washington, D. C., Section III, Table II, 
p. 63-95.

Dobrin, M. B., 1976, Introduction to geophysical prospecting
(3rd ed.). McGraw-Hill Book Company, San Francisco, 630 pp.

Hamilton, E. L., Bachman, R. T., Curray, J. R., and Moore, D. G., 
1977, Sediment velocities from sonobuoys: Bengal Fan, Sunda 
Trench, Andaman Basin, and Nicobar Fan: Jour. Geophys. 
Research, v. 82, p. 3003-3012.

Hamilton, E. L., Moore, D. G., Buffington, E. C., Sherrer, P. L., 
and Curray, J. R., 1974, Sediment velocities from sonobuoys: 
Bay of Bengal, Bering Sea, Japan Sea, and North Pacific: 
Jour. Geophys. Research, v. 79, p. 2653-2668.

Hill, M. N., 1963, Single-Ship Seismic Refraction Shooting, 
in The Sea, vol. 3. M. N. Hill ed., John Wiley & Sons, 
New York, 963 p.

Houtz, R. E., Ewing, J., and Buhl, P., 1970, Seismic data from 
sonobuoy stations in the northern and equatorial Pacific: 
Jour. Geophys. Research, v. 75, p. 5093-5111.

Houtz, R. E., Ewing, J. I., and Le Pichon, X., 1968, Velocity 
of deep-sea sediments from sonobuoy data; Jour. Geophy.s. 
Research, v. 73, p. 2615-2641.

Knott, S. T., and Hoskins, H., 1975, Collection and analysis of
seismic wide angle reflection and refraction data using radio 
sonobuoys: Technical Report 75-33, Woods Hole Oceanographic 
Institute, 86 pp.

Le Pichon, X., Ewing, J., and Houtz, R. E., 1968, Deep-sea 
sediment velocity determination made while reflection 
profiling: Jour. Geophys. Research, v. 73, p. 2597-2614.

Levin, S. (editor), 1968, Velocity profile atlas of the North
Pacific (Composite profiles): National Oceanographic Data 
Center, Washington, D. C. 20390.



Matthews, D. J., 1939, Tables of the velocity of sound in pure
water and sea water for use in echo sounding and sound ranging: 
Hydrographic Dept., Admiralty, London.

Nettleton, L. L., 1940, Geophysical prospecting for oil. McGraw-Hill 
Book Company, New York, 444 pp.

Officer, C. B., 1974, Introduction to theoretical geophysics. 
Springer-Verlag, New York, 385 pp.

Telford, W. M., Geldart, L. P., Sheriff, R. E., and Keys, D. A., 
1976, Applied geophysics. Cambridge Univ. Press, Cambridge, 
chapter 4.

70



Appendix A: Range and Penetration of Sonobuoys

(excerpted from an internal memo dated 12/14/77)

Subject: What type of sonobuoy do I need to get the job done? 
NAVY or Commercial?

The answer to the above question depends on where you will be 

working, deep or shallow water. After talking to many of you about 

your sonobuoy results from 1976 and 1977, and after considering our 

work in the Bering Sea, we have put together a rather complicated diagram 

(attached) of a typical continental margin. The diagram is intended to 

illustrate how much crustal penetration we can expect to attain using 

either the Navy 41B or commercial sonobuoys with the 1326 cu.in. airgun 

array.

Three important observations have been made after examining the 

'75, '76, '77 records from sonobuoys that functioned properly:

A. On the shelf ( 200 m), an acoustic basement refractor (v=4.5-5.5) 

is seen on all sonobuoy records; however, this is the deepest 

refractor that can be identified on either the Navy or commercial 

buoy records. Insufficient seismic energy, rather than buoy 

transmitting range, is the limiting factor.

B. At intermediate depths (200-3000 m), a sub-basement refractor 

(v=6.0-6.7) is often seen with commercial buoys; the deepest 

refractor on Navy records is from acoustic basement.

C. In deep water ( 3000 m), a mantle refractor (v=7.9-8.4) can sometimes 

be identified with commercial buoys; Navy buoys normally only show 

a refractor from oceanic layer 3.
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The type of buoy that will get the job done for you, based on 

our previous experiences on the LEE, is shown in the table:

Shelf 
( 200m)

Intermediated 
(2 00- 3000m)

Deep water 
( 3000m)

Sediment and 
Basement velocity Navy Navy Navy

Deep crustal 
structure

Need 
Explosives

Explosives or 
Commercial

Commercial
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Figure 1? Sonobuoy penetration and range as a function of tectoni 
province. All results indicated in this diagram are 
strictly hypothetical, based upon sonobuoy models. The 
limits shown are approximate depths of penetration for 
commercial and military sonobuoys.



Appendix P

Velocity of sound in sea water

Velocity of sound in water is a function of several variables, 

primarily water temperature, pressure, and salinity. For a given area and 

time of year, however, the velocity of sound may be expressed simply as a 

function of water depth. Figure 14 illustrates this variation for the 

Southern Bering Sea during the summer months of July through September. The 

diagram is taken from Levin (1968, vol. II, p. 393). The plot shows sound 

velocity in meters/second versus water depth in meters. Also shown in the 

diagram are the hydrophone depths for sonobuoys equipped with 60,120, and 240 

foot lowers.

From the plot, we can see that the velocity at the sea surface, v^, is 

about 1485 m/s. There is a sharp negative velocity gradient to a depth of 100 

meters, at which point the velocity gradient reverses, and from there 

increases, almost linearly, to a depth of just less than 2000 meters (off the 

bottom of the graph). While this curve is not representative of all ocean 

waters, it does serve to point out some difficulties of which the sonobuoy 

user should be aware.

First, the marked velocity inversion, which results from the thermocline 

observed in most areas, should be considered when choosing the hydrophone 

lower depth. In the Southern Bering Sea, the inversion is quite deep, but in 

other areas it can occur at a much shallower depth. If the hydrophone is too 

deep and drops below this inversion, the velocity structure of the water may 

actually reflect the direct arrival energy away from the hydrophone, resulting 

in a very weak direct arrival. The deeper hydrophone may also result in less 

clearly defined seismic reflection arrivals. Each individual seismic wavelet 

recorded at the hydrophone consists of the primary wavelet and an accompanying
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"ghost" wavelet from the sea surface (water-air interface). With a deeper 

hydrophone, the time delay between the primary arrival and its ghost will be 

greater, and the composite wavelet more diffuse. (Knott and Hoskins, 1975, p. 

2M). Errors may also be introduced into the wide angle reflecton and 

refraction solutions through incorrectly assumed values for the average 

vertical velocity of sound in water, vy , and the horizontal velocity, v^. 

Both velocities are input parameters to the reduction programs. In LINFT, the 

refraction velocity is determined directly from the ratio of the slope of the 

refractor to the slope of the direct arrival line. Therefore, the accuracy of 

the final refraction velocity results is directly proportional to the accuracy 

with which the horizontal velocity of sound is known. The horizontal velocity 

in Figure 1M is 1M85 m/s, which is the default value in the digitizing 

programs. A variation of - 10 m/s is less than a 1% error, but in other areas 

and at another time of year, the variation may be much greater.

The wide angle reflection program SLOWI, requires both v^ and vv as 

input. However, these two variables are not independent. The program 

actually solves for v^, based on the input value for vy and the seafloor 

depth. The input value of v^ is used as a trial solution to the interative 

process. Therefore, it is critical to provide SLOWI with a reliable value for 

the average vertical of sound as some function of depth, f(z). For a given 

depth of water, z-j, the average vertical velocity is determined by integrating 

the curve f(z) from 0 to zi

vv
This integration can be done numerically. If we apply this technique to 

Figure 1M from 0 to 1100 meters, we arrive at a value for vv of approximately
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1M72 m/s. The default value provided for vy by the digitizing program is 1500 

m/s, a difference of 2%. In other areas this difference could be greater. 

Since vv is required for the determination of vh , this error would effect both 

the solutions for reflection velocities, as well as the depth to the seafloor.

These problems illustrate the importance of having some independent 

information regarding the variation of velocity with depth. One of the most 

valuable tools is an XBT, or expendable bathythermograph. This is an 

expendable thermistor which is dropped into the water, attached to the ship 

by a slender copper wire. As the thermistor drops througi the water, the 

resistance is measured and converted to temperature. Thus, a temperature- 

depth profile is obtained. The variation of velocity of sound is very nearly 

directly proportional to the temperature of the water, so this measurement may 

provide a very close approximation to the variation of velocity with depth. 

With underway multichannel operations, XBT's cannot be used. Therefore, 

tables similar to Mathew's and the velocity profile atlas must be relied upon. 

The S.P. Lee is also equipped with a velocimeter, which determines the 

horizontal velocity of water near the sea surface, and this value should be 

recorded in the logs during a sonomodel station. Any remarkable variation 

from the expected value (1485 m/s) should be investigated carefully noted .
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APPENDIX C: Shipboard interpretation of Refraction and wide angle 

reflection data

Preliminary analysis of both refraction and reflection data can 

be done with reasonable accuracy (10-15%) using a hand calculator. The 

objective of these analyses is to determine velocities (refraction and 

interval) and layer thicknesses. The two following sections present 

all the equations necessary to achieve this goal. For brevity, the 

more complicated equations are given without derivation.

REFRACTION DATA

Interpretation of refraction data from shallow water areas is usually 

a straightforward process of:

1. identifying each successively deeper refracting horizon, which 

almost always occurs as a 'first arrival 1 with a distinct change 

in slope (see Fig. C.I);

2. determining the refraction velocity from the slope of the 

refractor (eq. 1);

3. computing the depth to the refractor at vertical incidence

(eq. 2 and 3) .

In deep water areas, the refraction data is often complicated by 'second 

arrival' refractions that are difficult, but important, to identify (see V 

Fig. C.2).
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Shallow water Deep water

-Direct

R,-R4 are 'First 
Arrival 1 refractions

FIG. C.I FIG. C.2

The velocity of the refractor (VD1:) _,) can be determined from (assuming
KJir

flat-lying layers):

!OI

REF

-Tw )

~ 1

n meer-ssec

(Eq. 1)

Ti
 Direct

ef ractio

Vw =water velocity ^1500 m/sec 

FIG. C.3

The depth to each refracting horizon involves a somewhat cumbersome 

set of calculations in which the thickness of the last penetrated layer

(Z ,) is determined in terms of the thicknesses and velocities of the n 1

overlying layers. The generalized equation for determining the thickness
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of the (n-l) th layer is: (see Nettleton, 1940, p. 254)

^T2- £2,
Vn.2Vn

V0 « 1500 u
4

v, ;
Vz

Z0

*\

zt

The thickness of the first four layers, in a 

format that is readily programable on a hand 

calculator is:

i_

z o =

z, =
1

V,

V/-V,*

FIG. C.4

T. is the intercept 
m th
time for the n layer 

(see Fig. C.3)

V '"V are refraction 
o n

velocities.

V,

The depth to the top of the nth layer is given by:

IX = E (Eq. 3)

REFLECTION DATA

Constructing velocity versus depth sections from reflection data is

generally done by:

1. determining the interval velocities between each of the prominent

reflecting horizons (see steps I and II below);
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2. converting the vertical incidence reflection times to depths 

using the interval velocities (eq. 11).

Procedure:

I. Determine the RMS velocities for each of the reflecting horizons 

using either (A) or (B):

(A), the Tangent method (eq. 7 or 8);

(B). the two point method (eq. 9). 

II. Then use Dix's equation to compute the interval velocity between

two reflecting horizons (eq. 10).

Throw 
Sonobuoy

Model I Buoy Record

FIG. C.5 

XV,

v,rms
M-f-'
' VVrms

Direct 
arrival

fraction

(Eq. 4)

(Eq. 5)
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I.A. RMS Velocity - Tangent method

Differentiate the travel time equation (5) with respect to x and 

at a constant depth z:

2 ' X~ I
(Eq. 6)

AX
^Zx V.rms

Where^ is the slope of the 

travel time equation.

All terms in equations (2) and (6) can easily be determined from 

the sonobuoy record. The quickest method (see Fig. C.6) is to look for a 

region of good data along the reflection hyperbola of interest and to draw a

tangent line to the hyperbola. The tangent point (x,,^,), the direct
1 Kl

arrival time (x,,T ,), and the slope of the line (A"T"/AX ) are used to determine 

the RMS velocity from equation (7).

V
1500 Tol

RMS rcR\\-
!500TD,

15QOTP |

-T ' (Eq. 7)

= 1500 T01

^ _

Throw 
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ection 
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If the refraction velocity for a specific reflecting horizon has 

already been determined, then a simplified version of equation (6) can 

be used. Since refractions are always tangent to the reflection hyperbola, 

at the critical distance point (x ,T ), the equation for RMS velocity

becomes (see Fig. C.5):

V I?M5

AT
-  

Ax V,

Vm
/ITOOTocVjH

15 V T̂
A*-)

REF

c = J500TDC 

is ^ refirac-tibn
in meters/ sec .

(Eq. 8)

VELOCITY IM

I.E. RMS Velocity - Two point method

Using the travel time equation (4) for two different points (

2 
and (x ,T ) (see figure C.5) and eliminating the common TQ term:

2\-
v 2- 
^«
V^ "

nms

w ,(

z
'RZ "~

< z
K2 - X

CV 2"
v <ms

* \Ji
1

«rms

V,. = 1500 s \

7~vz - Tw j
^Tp7_ -TRi / (Eq. 9)

Me Ioci4\j m

II. Interval Velocity - Dix Equation

From Dix (1955), the interval velocity when x«z is approximated by



T2 -T, (Eq. 10)

where V, and V. are RMS velocities and T, and T« are zero offset 

(vertical incidence) times (see figure C. 7).

Throw 
Buoy

FIG. C.7

Once the interval velocities are known, the depths to each of the 

reflecting horizons can be determined from the vertical incidence 

reflection times. The depth (D) to the top of the N layer is:

(Eq. 11)

where T . is the vertical incidence reflection time (2-way) within

the i layer (read from the reflection profile) and V. is the interval

velocity of the i layer.



APPENDIX D: Reflection ray tracing theory

In these derivations, the following notation is used:

1. All distances in lower case letters

2. All times in upper case letters

x - horizontal distance; source - receiver separation 

h, - thickness of layer 1 (here the water layer) 

h^ - thickness of layer 2

r, - length of reflection path (2 way) to first reflecting horizon 

(here the water sediment interface)

r - length of reflection path to second reflecting horizon

T. - reflection time (2 way) to first reflecting horizon 

(here the water-sediment interface)

T.(0) - minimum reflection time to first reflecting horizon 

T] - reduced reflection times for T,

T2 - reflection time (2 way) to second reflecting horizon 

T^(0) - minimum reflection time to second reflecting horizon 

Tl - reduced reflection times for T 2

T, - time of direct water arrival 
d

T - correction term to produce reduced times 
con

V, - horizontal velocity of propagation of sound at the water surface 
h

V . - interval velocity of layer 1 (here the water layer)

V_ - interval velocity of layer 2

V   - assumed interval velocity of layer 2
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oi - slope of first reflecting horizon

ok - slope of second reflecting horizon (with respect to ui)

Co _ - assumed slope of second reflecting horizon

D - T L

D - T 
2 d2

I. Pythagorean Theorem for flat lying layers

A<       x       

FIGURE D.I

I
*>,

I

By the Pythagorean Theorem:

^ 
/

(D

(2)

(3)

2 2 
This equation (3) is linear in x and T . Therefore, a line

2 2 
fitted by least squares to the x -T data points will have a slope

inversely proportional to the square of the interval velocity (v.)



of the layer. The intercept of this line is the square of the minimum 

reflection time ( T.(0) ) to the reflecting interface. From T,(0) and 

v., the true depth to the interface can be determined.

II. Image method (law of cosines) for dipping interfaces

Using the image method to solve the wide angle reflection equation 

with dipping reflector interfaces (see Figure D.2): 

By the law of cosines

^ 2 - v z ^ /^L^- 2M^L^   ̂  (4)
fj ~ X ~T (£r\i J *- V 

where o£ = 90 - <fcJ 1 

Therefore

r, 2* & x i  »  (2h.) - i xh, cos

Expressing the distances in terms of time and velocity:

Finally, the equation for travel times for dipping reflectors is:

j j (6)
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FIGURE D.2 

(From Knott & Hoskins, p. 2-4)
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III. SLOWI (SLOping Wide angle) reflection method

A. First (water) layer: Computation to iteratively

determine a reliable value for the horizontal water 

velocity v.

1. Assume that T,, the total travel time, w, , the 

slope of the first reflecting interface, and v.. , 

the interval velocity of the first layer, are known.

2. Find the minimum reflection time, T,(0):

If the T/x curve starts close to the origin, 

(x=0), T. (0) is determined by a fourth order least 

squares fit to the time - distance curve:

Tt - T,(o) + C,T4 + C
where T , = x/v, 

d n

If the T/x curve starts beyond the origin (x>0), 

T..(0) is found by a linear least squares fit to:

17*« T.cof* c,(*/ol = ijfo)** c,r/ w
From T,(0), the minimum thickness, h,, is found. 

3. From the law of cosines solution (see equation 6, 

Part II):

Reduced times, T,, are calculated from equation 9 

by removing the normal incidence travel time within 

the layer, T.(0), as well as the difference in travel
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time resulting from the slope of the interface:

T/2" - T 2- T 
I t - » | ""I cent

where

or

-r /x 
T,

This reduced travel time squared - distance squared 

equation is fit by linear least squares to determine 

v, . (This value for v, is compared to the input 

value for v, and if the difference is large, another 

iteration is made from step 3 using the corrected

value of v, ). n

B. Second layer

1. Assume that T_, the travel time to interface 2, ui , 

the slope of the first reflecting interface, and v, , 

the interval velocity of the first layer, are known .

Also, the apparent slope, w 9 , determined from an
az

assumed interval velocity, v «, for the second layer, 

must be known.

2. Determine by least squares the fourth order polynomial

T2 - Tj(o) + C.Tj +
T*" K /where 1 j = y^
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3. Find T_(0), the normal incidence reflection time to

the second interface, in the same manner as for the first 

layer (see section D.2), be either linear least squares 

or fourth order polynomial fit. Calculate tu from T«(0) 

and the assumed velocity v « .

4. Recall the ray parameter, p :

p - (sin eiy

where 6. is the emergent angle of the ray for layer i 

and v. is the interval velocity for the layer. 

The ray parameter may be expressed as the derivation of 

the time - distance curve (see Officer, 1958, pp. 48 - 52)

drP~

Therefore, by differentiating the fourth order polynomial 

for T,, above and substituting into equation (11) and (12):

Sin -a = v ± (13)

where ( $ - u>. ) is the emergent angle (see Figure D.3).

5. From Snell's Law and reflection geometry, we see from

equations at the bottom of Fig. D.4, that the incident angle, 

$! can be calculated from the emergence angle ( 3,   w, ) 

for each value of x.
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6. Knowing the incident and emergence angles, compute the

one way travel times T AA i , T^, , T A , , , and the distance
AA 1515 A n 

A'B' .

7. With these travel times, "strip off" the upper layer and 

determine the travel time in the second layer alone:

-r - T T - T. (14) i * » i   i «ii   I i i _» ' A c B l AAcee 'A* 'SB
8. This now is the one layer case. As before (Eq. 9), the 

travel times are expressed:

The distance A'B 1 is known explicitly, and therefore it is 

not necessary to calculate a horizontal velocity along the 

interface as was done for the first layer.

9. These squared travel times are reduced by:

2

where

Sin
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10. Any negative travel times are eliminated, and a least 

squares fit made to

-r, 2 (a's'fI 2 =       (17)

This fit provides a corrected value of v».

11. The apparent angle, oo 2 » is corrected according to

"tan c^ - tan (18)

12. With new values for u)? and v_ , the program returns to 

step 3 and repeats. The same sequence of steps is then 

followed for each subsequent layer.



FIGURE D.4

    X B

sin & _ JJs. 
sin 6' ' vz

Sin B,

sin

= arc

= arc .,
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Appendix E

Procedure outline for digitizing and processing sonobuoy records

This appendix provides a suggested procedure for digitizing 
and processing sonobuoy records, from initial preparation of 
the record, through digitizing, reduction and interpretation.
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Procedure outline for digitizing and processing sonobuoy records

I. Preparation of records prior to digitizing

1. Cut records and paste on a stable backing

2. Overlay record with "cured" mylar acetate overlay

3. Draw time lines and other reference points on mylar

4. Choose refractions and/or reflections and trace on the mylar

II. Refraction data

1. Load refraction digitizing program and execute

The refraction digitizing program is interactive, and 

request all necessary information from the user. The 

digitizing is carried out one refraction trace at a time, 

and each data point requires two time picks: a direct time 

and a refraction time. Upon command, the program will 

automatically write an output data set to magnetic tape.

2. Transfer data set to MULTICS computer

3. Execute preliminary LINFT program

LINFT performs a linear fit (least squares) to the refrac­ 

tion data and prints out velocity and depth solutions.

4. Determine the slopes of refracting surfaces from vertical

incidence seismic reflection records, using the velocity

solutions from preliminary LINFT.

5. Execute LINFT program again with slope corrections

6. Edit refraction results for spurious refractions and other 

errors

7. Execute final LINFT with corrected data set if necessary



III. Wide angle reflection data

1. Load reflection digitizing program and execute

The reflection digitizing program is interactive, and 

requests all necessary information from the user. The 

order of digitizing data points is a direct time followed 

by "n" reflection times, where "n" is the number of ref­ 

lection layers. The reflection digitizing program also

provides preliminary analysis of the data in the form of
2 2 

X - T calculations, and allows editing of the data

points before writing an output data set to magnetic tape. 

Therefore,the suggested order within the digitizing program is

a. Digitize the reflection recorde
2 2 b. Execute X - T program

c. Execute the Edit program to correct bad picks
2 2 d. Execute X - T again with edited data set

e. Execute the Edit program again, if necessary

f. From Edit section, write an output data set to tape

2. Transfer data set to MULTICS computer

3. Determine apparent slopes of reflectors from vertical incidence 

seismic reflection records, using an assumed velocity of sea- 

water for the sediments.

A. Execute SLOWI with program with assumed slope correction
2 2 SLOWI performs a sophisticated variation of X - T

analysis on the reflections and prints out velocity 

and depth solutions. The program also calculates true 

dips of the reflectors from the calculated velocities

5. Edit final SLOWI results

6. Execute SLOWI again with edited data set, if necessary

IV. Interpretation

1. Compile all refraction and reflection results

2. Determine the velocity - depth relationship
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The velocity - depth relationship may be determined by 

a program that performs a polynomial fit to the sonobuoy 

results. Other relationships may be possible as well

3. Correct final reflection results according to the velocity -

depth curve (optional). (Refer to Houtz et.al, 1968, pp2631-2632)

A. Construct velocity sections from the refraction results, and 

separate sections from the reflection results, if desired



Appendix F

Corrections to the reduction results

This appendix contains two sections:
1. Corrections for hydrophone lower
2. Corrections for dipping interfaces

The first part of this appendix describes correction 
factors which are necessitated by the hydrophone suspension 
system, and by the delayed release timer which activates the 
suspension.

The second section describes the manner in which sloping 
reflection and refraction interfaces are corrected for in the 
reduction programs. The digitizing programs do not require or 
accept slope corrections, and therefore these corrections must 
be included in the data sets after they have been transferred 
to MULTICS.
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Correction for depth of the hydrophone

During normal operations, the sonobuoy hydrophone drops to depths of 60 

to 300 feet beneath the sea surface as soon as the buoy is placed in the 

water. The error in the reflection times that is introduced by the depth of 

the hydrophone is corrected in program SLOWI, if the final hydrophone depth is 

input to the program and the "correct E/S depth" option is chosen.

If a sonobuoy station is conducted during multichannel seismic 

operations, it is necessary to delay the deployment of the sonobuoy hydrophone 

for 20 minutes, the time required for the buoy to clear the far end of the 

multichannel hydrophone cable. The delayed drop, from near the sea surface to 

depths of 60 to 240 feet, introduces two problems in the sonobuoy 

interpretation. First, the sudden increase in the distance from the 

hydrophone to the sea surface changes the general configuration of the 

reflectors in the sonobuoy record by increasing the time between the primary 

reflected arrival and the secondary sea surface reflection (from 4 msec to 48 

msec with a 120 foot drop) (See also App. B). Secondly, the time difference 

resulting from the shortened travel path introduces an abrupt vertical shift 

in the reflectors (-25 m sec with a 120 foot depth) at the point when the 

phones drop. The first problem of reflector configuration can only be 

compensated for subjectively through the interpreter's ability to accurately 

follow each of the primary reflection arrivals across the sonobuoy record. 

However, an explicit correction for the abrupt vertical shift in the 

reflectors can be made during the data reduction after the reflectors are 

digitized in their shifted configuration. The program determines the time of 

the hydrophone release by asking the interpreter to mark the direct time on 

the trace recorder where the release occurred. Then, based on the final
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hydrophone depth (input earlier), a correction value is calculated and 

subtracted from all reflection times along prior traces. The effeofe is to 

change the data to appear as if the hydrophone had released immediately. 

SLOWI then corrects all reflection times for the hydrophone depth. This 

"delayed hydrophone release correction" is an option with the SLOWI digitizing

program, and is usually called after digitizing the record, but before the

p P %*  - 1^ calculations. However, the correction can be called from other parts

of the digitizing program. Therefore, it may be desirable to calculate the

P ? X - T plot without the correction, check the residual values, then add the

correction to see whether the solutions improve. The option to add the 

correction can also be used to remove the same correction if it is determined 

that the original data is better. Often, the effect of the delayed release 

will be very noticeable as a discontinuity on the X -T^ plot.

Slope Corrections

Slope corrections are important for both the wide angle reflection and 

refraction data to insure good velocity and thickness values. The slope 

information usually comes either from the dip of the reflectors in the 

vertical incidence seismic data recorded during the sonobuoy station or from 

the dip of refraction interfaces seen on a series of back-to-back sonobuoy 

stations. In both reduction programs LINFT (refraction data) and SLOWI (wide 

angle reflection data), input dips are relative dips (i.e. the dip for a 

deeper layer is calculated with respect to the layer directly above it). For 

example, if two layers are dipping parallel to one another (absolute dip = A), 

then the relative dip of the shallower layer is A, while that of the deeper 

layer is 0. The sign convention is the same for both programs and is that 

upward relative dip in the direction of travel 'apdip from the buoy) is
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positive, while downdip is negative (refer to Figure 1*0. All dip 

calculations presuppose that the velocity of the overlying layer is-known, 

whereas usually it is not known. Hence, a trial velocity must be assumed to 

calculate the dips from the seismic reflection profiles. LINFT and SLOWI 

differ significantly in the way they use the trial velocities. Therefore, the 

dips should be determined specifically for the program that is to be used.

In calculating slopes for SLOWI a velocity of 1.5 km/sec (water 

velocity) must be assumed for the overlying water and sediment layer. SLOWI 

will iteratively correct the input slopes as better values for the velocity 

are obtained. The correction is:

 tan W = rr t<xA W^
*Ck

where W and v are corrected slope and velocity and Wa and va are input slope 

and assumed velocity. The final values for the relative slopes of the layers 

and the slope corrected velocities are given in a summary table.

LINFT, however, uses the correct relative dips, as they would be output 

from SLOWI. Because there are often no SLOWI solutions for a sonobuoy, or no 

reflections from a refracting layer, LINFT must be executed twice: the first 

time with zero slopes to determine trial velocities and a second time with 

estimated relative dips calculated from the trial velocities. If the dip 

corrections are large, the velocities may change enou^i to warrant a third run 

with recalculated dips.

It is usually necessary to calculate dip for SLOWI and LINFT 

independently even when good output dips from SLOWI are available. 

Reflections are observed over a much shorter range (8 km distance in 3000 m of 

water) than are refractions, (12-30 km distance) and, therefore, are affected 

by layer dips only in the first part of the sonobuoy record.



Dip corrections are not included in the data sets output by the 

digitizing programs, and therefore, must be entered into the data set through 

the text editor.



SHIP

seafloor

Layer
SEAFLOOR

1

2

3

4

Absolute die 

o
-ad

-cd 
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Relative 

o
-od 

0

406

Figure Convention used by SLOWI and LINFT to specify slopes 
of interfaces.
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Appendix G 

Examples of digitizing programs

The following appendix contains complete examples of both 
LINDIGIT and SLODIGIT, the Tektronix programs for digitizing 
refractions and reflections. The examples illustrate the complete 
process for digitizing the refractions and reflections from 
a single sonobuoy «**+; *> but do not explore all the possible 
options and variations that are available within the programs.

Either digitizing program is located and invoked by means 
of the "AUTOLOAD" function. To use, simply insert the program tape 
into the *I051 and press "AUTOLOAD". Much of the program is con­ 
trolled through the user definable keys (UD f), and occasionally by 
the FLAG buttons on the cross hair cursor. When these buttons are us 
a note is included in the margin of the example listing.

The refraction record is a rather straightforward record of 
a deep water sonobuoy with both sedimentary and sub-crustal ref­ 
ractors. The option to calculate a seafloor refractor (velocity * 
1.55 km/s) is requested, and five points per refractor are picked.

The example used for the reflection digitizing is from 
the same station as the refraction example. However, the reflec­ 
tion digitizing must be done from two records. The direct times are 
picked from the 0-8 second record, while the reflection times 
are picked from a delayed 6 second record.
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Appendix H 

Examples of reduction programs

This appendix includes examples of the reduction programs 
SLOWI and LINFT. Shown are the input and output segments only. 
Refer to section IV.M to determine the process for executing the 
programs themselves. The input segments are the same as those 
listed in the introductory comments to the program listings. 
(See Appendix J.) Furthermore, the input segment for the SLOWI 
example is derived from the output of the program SONOMODEL, (see 
Appendix 1.1), and is based on the test model of Figure 5. By 
comparing the SLOWI result with the input model to SONOMODEL, one 
can verify that both programs are operating correctly.

The LINFT example is shown twice with identical input data 
sets, save only for the output parameters. The data listings are 
suppressed in the second example ( ISSW1 =1).

The examples used in these programs are included in the 
introductory comments prefacing the program listings (see 
Appendix K), so that if these programs are installed elsewhere, 
test programs are available for comparison.

Note: No attempt has been made to describe the output 
tables produced by these programs. However, a considerable 
amount of information is available, which can be invaluable in 
interpreting the results. This is particularly true of the SLOWI 
output lists. To interpret this information fully, refer to 
Knott & Hoskins ,1975.
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Example of LJNFT input data set

This example input data set is described in the comments 
prefacing the LTNFT program listings (App. K, p. 1Q^). 
Refer to the listings for description of the input parameters 
and formats. The output result from this data set follows.

This data set represents real data, with slope oorrections 
included. The output parameters (ISSW1) specifies that 
all data shall be listed.
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LINFT input data set

This data set is identical to the previous example, with 
the exception that complete output listings are suppressed. 
The result from this example follows
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LINFT test result, abbreviated listing
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Appendix I

Examples of interpretation programs

This appendix contains two sections:
1. Example of SONOMODEL
2. Calculation of sediment thickness versus travel time 

curves: Example of program POLYFIT.

The model used in the SONOMODEL example is also listed in 
the introductory comments prefacing the program listing 
(see Appendix L). The printed output from the program is listed 
after the model input segment, and the plot result is shown in 
Figure 15. This plot is also used in Figure 5. The modelling 
program also produces from the calculations of the reflection 
hyperbolas, a data set of direct time - travel time pairs that 
can be input to the wide angle reflection reduction program, 
SLOWI. We have used the SLOWI formated output set from this 
model example in our SLOWI example (see Appendix G). 
The close correlation of the model input to SONOMODEL and 
the SLOWI results indicate that both programs are working as we 
would expect them to.

The second part of the appendix illustrates the 
use of the polynomial regression program POLYFIT. This 
program is available through the Tektronix Plot 50 
Statistics Package, volume 3. Complete instructions 
for it's use are contained in the manual for the stat­ 
istics package.

In the example, the regression program is used 
to fit a third order polynomial equation to depth and 
travel time solutions from sonobuoy data of the Bering Sea 
region. The solution, depth as a third order function of 
travel time, is shown at the bottom of the figure. The 
solution is constrained to pass through the origin (0 thick­ 
ness at 0 travel time). A curve or equation of this type 
is very useful when converting travel times from vertical 
incidence seismic records to true depth.



SONOMODEL example input data set

This example input data set is described in the comments 
prefacing the SONOMODEL program listing (App. L, p. 215). 
The input parameters and format are described there.

From this model , an experimental data set was constructed 
for input to program SLOWT. The results from SLOWI (p. 159) 
compare very favorably with this input model.

This model was used to produce the .SONOMODEL plots shown 
in Figures 6 and 15.
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Figure 15 Example plot output produced by SONQMQDEL. Model of a deep water

(?750 meters) sonobuoy station. This plot is also used in Figure 6,
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A Sediment thickness versus Travel Time Curve

An equation for sediment velocity as a function of travel time can 

easily be computed from the wide angle reflection (SLOWI) and refraction 

(LINFT) results. A good approximation to the velocity-travel time data is 

obtained with a third order polynomial (Houtz et al., 1968):

V = C0 +  CT + C, rz + Cr (A)
where the C^ f s are the coefficient, T is the one-way travel time beneath the 

seafloor, and CQ is the velocity at the water-sediment interface. Usually, a 

large number of data values from sonobuoy stations in the same physiographic 

region are used to determine the coefficients by a least squares fit to the 

data. If sonobuoy data are sparse, the coefficients can be determined by as 

few as four velocity-travel time data pairs.

A more useful equation for sediment thickness versus travel time is 

obtained by integrating the above equation:

(B)

where C_<j which is the thickness at zero reflection time, is normally 0. 

Using the thickness versus one-way travel time equation (equation B), 

reflection times in vertical incidence seismic profiles can quickly be 

converted to sediment thickness (or depth below sea level, if the water depth 

is known).

A computer program for determining the third -order polynomial equation 

to the velocity-reflection time data (equation A) is available on the 

Tektronix 4051 through the "statistical package". Complete documentation for 

the program exists in the Statistical Reference Manual. An example of this

1b9



analysis which was performed on sonobuoy reflection data from the Bering Sea 

is shown in Figure 16.
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ALEUTIAN BASIN : 

SONOBUOY DATA

Sediment
thickness

(km)

6.00"

6.OO -  

4.00"

2.00   -

0.00
0.00 1X)0 2.00

One - way reflection time 
(sec)

Polynomial regression:

d = 1.2871 * 0.93112 - 0.073t 3

Figure 16 Example of polynomial regression used to determine 
sediment depth (in km) as a function of one way 
sub-seafloor travel time (in seconds) from 
sonobuoy data in the Bering Sea deep ocean 
basins.
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Appendix J 

Listings of digitizing programs

This appendix contains line numbered listings of the digitizing 
programs LINDIGIT and SLODIGIT. Both progams are in Tektronix 
BASIC language. Special characters unique to the Tek language are:

Q. (control G): rings bell
11 (control H): backspaces the cursor
JL (control J): moves the cursor down one line

(control _): " " " " " "

K (control K): moves the cursor up one line 
L (control L): erases the screen and moves the cursor

to home

arithmetic symbol to indicate exponent 
(e.g. 2*3 = 8)

These characters do not print, so they are shown simply as 
the upper case letters or underscore. Their context, in orint or imase 
statements, identify them.
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1 REM LINFT FORNATTED DIGITIZING PROGRAM SONOBUOY REFRACTIONS
2 JNIT
3 GO TO 100
56 REM MULTICS LOGIN
57 FIND 7
58 CALL "LINK",100
59 RETURN
100 DIM AS(40),BS(40>,ZS(1),QS(1)
110 PAGE
120 PRINT 332,26:2
130; SET KEY
14Q SET DEGREES
145
150 
160 
170
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
545
550
560
570
580
590
600

PRINT " PROGRAM L1NDIGIT REFRACTION DIGITIZING __ " 
PRINT "Enter heading for sonobuoy" 
INPUT AS 
PRINT ".Enter date of sonobuoy run" 
INPUT BS 
PRINT " _ Enter horizontal sound velocity (in km/sec)" 
PRINT " (aefault = 1.485 km/sec) 
61=1.485 
INPUT VS 
IF V$ = "" THEN 250 
B1=VAL(VS) 
PRINT " __ Enter average vertical sound velocity (in km/sec)" 
PRINT " (default = 1.5 km/sec) 
B7=1.5 
INPUT VS 
IF VS="" THEN 310 
B7=VAL(V$) 
PRINT " __ Enter number of layers to be digitized: "; 
INPUT N1 
PRINT "** _ How many points per layer do you wish to pick?" 
PRINT " (default = 5)

INPUT VS 
IF V$="" THEN 390 
N2=VAL(VS) 
GOSUB 420 
GO TO 630
REM FOLLOWING LINES ARE
PRINT "L***** Position
PRINT " _ Set the origin o
INPUT o.8:X,Y,ZS
PRINT "GGG _ Determine the
PRINT ".fsark the time tic
INPUT £8:X,Y<,ZS
PRINT "GGG";
REM CALCULATE ANGLES.
A1=SIN(ATN(Y/X»
A2=Y/X
A3 = COS(ATN(Y/X»
PRINT ".How many seconds
INPUT S
X=Y*A1+X*A3
B3=S/X
PRINT " ___ DO YOU WISH TO
INPUT 6$
IF Q$="N" THEN 620
IF QSO"Y" THEN 560
GOSUB 2110

A SUBROUTINE TO SET ORIGIN AND SCALE
sonobuoy on digitizing tablet *****"
f the sonobuoy record."1

scaling factor:"
k at the bottom of the record."

FOR COORDINATE ROTATION

long is the record? **;

CHECK THE TIME REFERENCE MARKS?"

173



610 IF 2<8 THEN 430
630 RETURN
630 PRINT "LDOES THE RECORD HAVE A DEEP WATER DELAY?"
640 INPUT OS
650 IF QS="N" THEN 760
660 IF QSO M Y M THEN 630
670 PRINT "_WHAT IS THE PRECISE WATER DEPTH (in 2 way seconds)?"
680 INPUT B6
690 PRINT "_MARK THE SEAFLOOR AT THE FIRST RECORDER TRACE <x=D)."
700 INPUT £i8:X,Y,Z
710;PR1NT "GGG";
730* X=(Y*A1+X*A3)*B3
730 D1=B6-X
740 B4 = D
750 GO TO 930
760 PRINT "_MARK THE DIRECT ARRIVAL WHERE IT INTERCEPTS THE FIRST"
770 PRINT "RECORDER TRACE (x=0)."
780 01=0
790 IMPUT oi8:X,Y,ZS
800 B4=(Y*A1+X*A3)*B3
810 PRI.NT "GGG_MARK THE SEAFLOOR REFLECTOR AT THE FIRST TRACE (x = 0). fl
820 INPUT £&:XsYs2S
830 PRINT "GGG";
840 B6=(Y*A1+X*A3)*B3
850 B6=B6-B4
860 PRINT "_DO YOU WISH TO INPUT A SEAFLOOR TIME?
880 INPUT CS
890 IF Qi="N" THEN 930
900 IF QSO"Y" THEN 660
910 PRINT " SEAFLOOR TIME (2-WAY SECONDS): "/'
920 INPUT fc6
930 REM THE FOLLOWING VARIABLES ARE:
940 REM V1 - ASSUMED SEAFLOOR VELOCITY
950 REM 01 - OUTPUT DEVICE NUMBER
960 V1=1.55
970 01=32
980 M3=1
1010 REM CALCULATE ASSUMED SEAFLOOR REFRACTOR* VELOCITY = 1.55 KM/SEC
1020 PRINT "_DO YOU WISH TO ADD AN ASSUMED SEAFLOOR REFRACTOR? ";
1030 INPUT Q$
1040 IF 6$="N" THEN 1180
1050 IF C$0"Y" THEN 1020
1060 N1«NU1
1065 DIM D(NlsN2)sR(Nl*N2)
1066 D=0
1067 R=0
1070 N3«2
1080 PRIKT "_WHAT IS THE SEAFLOOR VELOCITY:"
1090 PR1MT " (ocfault = 1.55 km/s)
1100 JMPUT V$
1110 IF V$= M " THEN 1130
1120 V1=VAL(V$)
1130 FOR 1=1 TO M2
1140 D(U1)=1*2
1150 R(1,I)=CB1*D<1,I)+66*(V1*V1-B7*B7)*0.5)/VH-S4
1160 D(U1)«0(UI)+B4
1170 NEXT I
1175 GO TO 1260
1180 DIM D(N1,N2),RCN1,N2>
1190 0=0



1200 R = 0
1260 PRINT "LSTART DIGITIZING THE DATA POINTS"
1280 PRINT "_ Pick first the direct time/ D(i), and then the ref-'
1290 PRINT " ractor time* R(i), for each data point. ";
1295 PRINT USING lf 2D,"" picks" HM :2*N2
1300 PRINT " must be made for each refractor._"
1310 FOR I=N3 TO N1
1320 FOR J = 1 TO N2
1330 INPUT S8:X,Y,Z$
1340 D(I,J)=(Y*A1+X*A3)*63+D1
1350 PRINT USING 1360:D(I,J)
1360 IMAGE "GGG",3D.3D,S
1365 IMAGE "GG",3D.3D,S
1370 INPUT 38:X,Y,ZJ
1380 R(I,J) = (Y*AH-x*A3)*B3+D1
1390 PRINT USING 1365:R(1,J)
1400 NEXT J
1410 PRINT USING 1420:
1420 IMAGE /,"GGG",S
1430 NEXT 1
1440 PRINT 332,26:0
1450 PRINT "__DO YOU WISH TO SEE A LINFT FORMATTED DATA LIST?"
1460 INPUT OS
1470 JF Q$="N" THfcN 1500
1480 IF G$0"Y" THEN 1450
1490 GOSUB 1530
1500 END
1530 REM GOSUB TO WRITE OUTPUT LIST AND LINFT FORMATTED
1540 REM OUTPUT SET TO TAPE
1550 PRINT "L LINFT FORMATTED OUTPUT LIST"
1560 PRI*T
1570 PRINT aol»12:A$
1580 PRINT 301,12:6$
1590 PRINT S0lr12: USING 1600:67,B1,-B4
1600 IMAGE 3D.4D,3D.4D," 1.0000",4D.3D
1610 PRINT iOU12:" 1100"
1620 FOR 1*1 TO N1
1630 PRINT 901,12: USING "2X,2D,S":N2
1640 NEXT J
1650 PRINT 901r12: USING "/":
1660 PRINT 301,12:"1.5000"
1670 FOR 1*1 TO M
1680 FOR J*1 TO N2
1690 IF 01032 THEN 1730
1700 PRINT 301,12: USING 1710:D(I,J),R ( I,J>
1710 IMAGE 2(3D.3D),S
1720 GO TO 1750
1730 PRINT 301,12: USING 1740: D(I ,J ),RC1,J )
1740 IMAGE 2(4D.3D),S
1750 NEXT J
1760 PRINT 301,12:
1770 NEXT J
1780 PRINT 301,12:" 0"
1790 IF 01032 THEN 1870
1800 PRINT "___DO YOU WISH TO WRITE THE OUTPUT TO TAPE?"
1810 INPUT QS
1820 IF US="N" THEN 1870
1830 IF CSO"Y" THEN 1800
1835 01=1
1840 GOSUB k |890
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1860 
1670 
1875 
1880 
1890 
1900 
1910 
1915 
1920 
1922 
1$25 
1928 
1930 
1940 
1950 
1960 
1970 
1980 
1982 
1964 
1986 
1988 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
206C 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
'2300 
2305 
2310 
2320 
2330 
2340 
2350 
2360 
2370 
2380 
2390 
2400

TAPE 
[9993

GO TO 1570 
PRIKT o)32/26:0 
PRINT i»01/2:
RETURN
REM FIND TAPE 
PRINT "LINSCRT 
PRINT "_WHICH 
PRINT "(TYPE
INPUT N
IF N<999 THEN 1930
GOSUB 2300
GO TO 1910
PRINT £01/0:0/0/1
FIND S 0 1 : N
INPUT £01:C$
PRINT "_THE HEADER
PRINT Ci
PRINT nlOl /0:C/0/0
PRINT "_DO YOU STILL
INPUT Q$
IF US="N" THEN 1910
IF CSO"Y" THEN 1982
PRINT "_DO YOU WISH
INPUT QS
IF G$="N" THEN 2090 
IF Q$O"Y" THEN 1990 
PRINT "_ARE YOU SURE
INPUT Q$
IF Q$="N" THEN 1910
IF L$0"Y" THE.N' 2030
FIND.. £01:N
MARK a01:1/(fc + Nl)*80
FIND £01:N
RETURN
REM GOSUB
PRINT "LYOU

FILE AND MARK 
THE OBJECT TAPE IN THE TAPE READER."

FILE 
FOR

DO YOU 
A TAPE

WISH TO 
LIST)"

WRITE TO?"

OF THAT FILE READS:

WISH TO WRITE TO THIS FILE?

TO MARK THIS FILE?

TO CHECK 
CAN HERE

REFERENCE PICKS
MAKE ANY NUMBER OF DATA PICKS IN ORDER"

PRINT 
PRINT 
PRINT 
INPUT 
IF 2>1

"TO CHECK OUT YOUR REFERENCE SYSTEM. 
"SATISFIED/ PRESS BUTTON NUMBER 1 
"TO RESET THE 
38:X/Y/2 
THEN 2210

WHEN YOU ARE" 
NUMBER 1 ON THE CURSOR." 

ORIGIN/ PRESS BUTTON NUMBER 2"

X=(Y*A1+X*A3)*B3
PRINT USING """GG""*2D.3D"5X
GO TO 2160
RETURN
REM SUBROUTINE TO PERFORM TAPE
PAGE
PRINT aoi/0:0/0/l
FOR N=1 TO 999
FIND S01:N
INPUT S01:CS
PRINT C$
C$=SEG(C$/9/4)
IF C$="LAST" THEN 2390
NEXT N
PRINT 301/0:0/0/0
RETURN

LIST AT ANY DEVICE

176



1 
RE

* 
PR

OG
RA

" 
SL

OO
IG

IT
 

WI
DE
 
AN
GL
F 

RF
FL

FC
TI

ON
 
DI

GI
TI

ZI
NG

2 
I
N
I
T

3 
G
O
 
T
P
 
1
0
0

4 
R
E
*
 

R
E
P
1
C
K
 
P
O
I
N
T

5 
F
1
«
4

6
 
R
E
T
U
R
N

8 
R
E
M
 

S
K
I
P
 
A 

L
A
Y
E
R
 
W
I
T
H
I
N
 

A 
T
R
A
C
E

9 
F
1
«
5

1
0
 
R
E
T
U
R
N

12
 
R
E
M
 

S
T
O
P
 
M
A
R
K
I
N
G
 
A
L
O
N
G
 

A 
T
R
A
C
E

1
3
 
F
1
«
2

1
4
 
R
E
T
U
P
N

1
6
 

R
E

M
 

S
T

O
P

 
P

IC
K

IN
G

 
D

M
A

 
C

O
M

P
L

E
T

E
L

Y
1
7
 

M
"
J

1
8
 

R
E

T
U

R
N

2
0
 
R
E
M
 

L
I
S
T
 
P
A
R
A
M
E
T
E
R
S

21
 
G
O
S
U
P
 
1
X
X
O

2
2
 
R
E
T
U
R
N

4
4
 
R
E
M
 

L
I
N
K
 
T
O
 
X
?
-
T
?

4
5
 

Ft
 N
O
 

4
4
6
 
C
A
L
L
 
"
L
I
N
K
"
,
1
0
0

4
7
 
R
E
T
U
R
N

4
8
 
R
E
M
 

C
O
R
R
E
C
T
I
O
N
 
F
O
R
 
D
E
L
A
Y
E
D
 
H
Y
D
R
O
P
H
O
N
E
 
R
E
L
E
A
S
E

4
9
 
F
I
N
D
 
3

5
0
 
C
A
L
L
 
"
L
I
N
K
"
,
1

51
 
R
E
T
U
R
N

5
?
 
R
E
M
 

O
P
T
I
O
N
 
T
O
 
C
H
E
C
K
 
R
E
F
E
R
E
N
C
E
 
P
O
I
N
T
S

5
3
 
G
O
S
U
B
 
2
3
1
0

5
4
 
R
E
T
U
R
N

5
6
 
R
F
M
 

M
U
L
T
I
C
S
 
L
O
G
I
N

5
7
 
F
I
N
D
 

7
5
B
 
C
A
L
L
 
"
L
I
N
K
"
,
1
0
0

5
9
 
R
F
T
U
R
N

6
0
 
R
F
M
 

L
I
S
T
 
I
N
P
U
T
 
D
A
T
A

6
1
 
G
O
S
U
P
 
?
2
1
0
 

6
?
 
R
E
T
U
R
N

7
2
 
R
E
M
 

O
P
T
I
O
N
 
T
O
 
D
U
M
P
 
D
A
T
A
 
O
N
T
O
 
T
A
P
E

7
3
 
F
I
N
D
 
6

7
4
 
C
«
L
L
 
"
L
I
N
K
"
,
1
0
0

7
5
 
R
E
T
U
R
N

7
6
 
R
F
M
 

R
E
C
Y
C
L
F
 
D
A
T
A
 
F
R
O
M
 
T
A
P
E

7
7
 
F
I
N
D
 
6

7
8
 
C
A
L
L
 
"
L
I
N
*
-
,
5
0
0

7
9
 
P
E
T
U
R
N

1
0
0
 
D
I
M
 
A
t
U
Q
)
,
F
<
t
U
n
)
,
?
t
(
1
)
*
0
$
(
1
)

1
?
0
 
P
R
I
N
T
 
a
^
2
,
?
6
:
2

1
3
0
 
S
E
T
 
K
E
Y

1
3
2
 
S
E
T
 
D
E
G
R
E
E
*
;

1
3
4
 
P
R
I
N
T
 
"
L
 

R
E
F
L
E
C
T
I
O
N
 

D
I
G
I
T
I
Z
I
N
G
 

P
R
O
G
R
A
M
_
_
"

1
4
0
 
S
E
T
 
D
E
G
R
E
E
S

1
4
1
 
P
R
I
N
T
 
"
D
o
 
y
o
u
 
w
i
s
h
 
t
o
 
r
e
c
o
v
e
r
 
d
a
t
a
 
f
r
o
»
 
t
a
o
*
 
- 

"
;

14
2 

P
R
I
N
T
 
"
<
o
l
»
a
s
e
 
a
n
s
w
e
r
 
Cy

3 
or
 
tn
l 

):
 

";
1
4
3
 
I
N
P
U
T
 
0
%

1
4
4
 

I
F
 
O
l
s
'
-
N
"
 
T
H
E
N
 
I
S
O

1
4
5
 

IF
 
O
S
O
"
Y
"
 
T
H
E
N
 
1
4
?

1
4
6
 
F
I
N
D
 
6

1
4
7
 
C
A
L
L
 
"
L
I
N
K
"
,
5
0
0

1
5
0
 
P
R
I
N
T
 
*
*
_
_
F
n
t
»
r
 
h
»
a
d
i
n
q
 
f
o
r
 
s
o
n
o
h
u
o
y
"

1
6
0
 
I
N
P
U
T
 
A
t

1
7
0
 
P
R
I
N
T
 
"
_
_
_
F
n
t
*
r
 
d
a
t
e
 
of
 
s
o
n
o
b
u
o
y
 
r
u
n
"



1
8
0
 
I
N
P
U
T
 
R
t

1
9
0
 
P
R
I
N
T
 
"
_
_
_
F
n
t
e
r
 
h
o
r
i
z
o
n
t
a
l
 
S
o
u
n
d
 
v
e
l
o
c
i
t
y
 
(
i
n
 
k
m
/
*
»
c
)
 

"
1
9
?
 
P
R
I
N
T
 
"
"
"
"
 

(
d
e
f
a
u
l
t
 

« 
1
.
4
8
5
 
km

/«
s)

"
19

4 
P
l
s
1
.
4
8
5

1
9
6
 
I
N
P
U
T
 
V
t

1
9
8
 
IF
 
v
*
*
"
"
 
T
M
F
N
 
?
1
0

2
0
0
 
9
1
=
V
A
l
(
V
t
)

2
1
0
 
P
R
I
N
T
 
"
.
E
n
t
e
r
 
a
v
e
r
a
g
e
 
v
e
r
t
i
c
a
l
 
s
o
u
n
d
 
v
e
l
o
c
i
t
y
 
(i
n 

k
m
/
s
e
c
)
:
 

"
2
1
2
 
P
R
I
N
T
 

" 
(
d
e
f
a
u
l
t
 

« 
1
.
5
0
0
 
k
a
/
s
>
"

2
1
4
 
9
7
=
1
.
5

2
1
6
 
I
N
P
U
T
 
V
t

2
1
8
 
IF

 
v
t
«
"
"
 
T
H
E
N
 
?
3
0

2
2
0
 
B
7
a
V
A
L
(
V
«
)

2
3
0
 
PR
If
.'
T 

"
.
E
n
t
e
r
 
h
y
d
r
o
p
h
o
n
e
 
d
e
p
t
h
 
l
o
w
e
r
 
(
i
n
 
f
e
e
t
)
:
 

"!
2
4
0
 
I
N
P
U
T
 
B
?

2
5
0
 
P
R
I
N
T
 
"
.
.
.
E
n
t
e
r
 
n
u
m
b
e
r
 
o
f
 
l
a
y
e
r
s
 
t
o
 
b
e
 
d
i
g
i
t
i
z
e
d
:
"

2
5
5
 
P
R
I
N
T
 

" 
( 

A 
m
a
x
i
m
u
m
 
of
 
14

 
is
 
a
l
l
o
w
e
d
.
 

) 
";

2
6
0
 
I
N
P
U
T
 
N1

2
6
5
 

IF
 
N
1
>
1
4
 
T
H
E
N
 
2
5
5

2
7
0
 
G
O
S
U
B
 
2
9
0

2
8
0
 
G
O
 
TO
 
4
?
0

2
9
0
 
P
M
N
T
 
"
L
P
o
s
i
t
i
o
n
 
s
o
n
o
b
u
o
y
 
o
n
 
d
i
g
i
t
i
z
i
n
g
 
t
a
b
l
e
t
.
"

3
0
0
 
P
R
I
N
T
 
"
.
S
e
t
 
t
h
e
 
o
r
i
g
i
n
 
of
 
t
h
e
 
s
o
n
o
b
u
o
y
 
r
e
c
o
r
d
.
"

31
0 

IN
PU

T 
a8
;x
.Y
*?
t

3
2
0
 
P
R
I
N
T
 
"
.
D
e
t
e
r
m
i
n
e
 
t
h
e
 
s
c
a
l
i
n
g
 
f
a
c
t
o
r
;
"

3
3
0
 
P
R
I
N
T
 
"
M
a
r
k
 
th

e 
t
i
m
e
 
t
i
c
k
 
at
 
t
h
e
 
b
o
t
t
o
m
 
of
 
t
h
e
 
r
e
c
o
r
d
.
"

3
4
0
 
I
N
P
U
T
 
3
8
:
X
,
V
.
Z
$

3
5
0
 
A
1
*
S
I
N
(
A
T
N
(
V
/
X
»

3
6
0
 
A
2
»
Y
/
X

3
7
0
 
A
3
*
C
D
S
(
A
T
N
(
V
/
X
»

3
8
0
 
P
R
I
H
T
 
"
H
o
w
 
m
a
n
y
 
s
e
c
o
n
d
s
 
l
o
n
g
 
is
 
t
h
e
 
r
e
c
o
r
d
:
 

"'
3
9
0
 
I
N
P
U
T
 

S
3
9
5
 
X
=
Y
*
A
1
*
X
*
A
3

4
0
0
 
B
3
=
S
/
X

4
1
0
 
R
E
T
U
R
N

4
2
0
 
P
R
I
N
T
 

"1
)0

 
Y
O
U
 
W
I
S
H
 
T
O
 
C
H
E
C
K
 
T
H
E
 
T
I
M
E
 
R
E
F
E
R
E
N
C
E
 
!
»
A
R
K
S
:
 

"
;

4
3
0
 
I
N
P
U
T
 
O
S

4
4
0
 
IF

 
Q
t
=
"
N
"
 
T
M
F
N
 
4
7
0

4
5
0
 
IF

 
0
$
<
>
"
Y
"
 
T
H
E
N
 
4
?
0

4
6
0
 
G
O
S
U
B
 
?
3
1
0

4
7
0
 
9
«
*
B
3

4
8
0
 
P
R
I
N
T
 
".

."
la
rk
 
th

e 
p
o
i
n
t
 
o
n
 
t
h
e
 
d
i
r
e
c
t
 
t
r
a
c
e
 
w
h
e
n
 
t
h
e
 
p
h
o
n
e
*
"

4
0
Q
 
P
R
I
N
T
 
"
 

d
r
o
p
p
e
d
.
"

5
0
0
 
I
N
P
U
T
 
9
8
:
x
,
Y
,
Z
$

5
2
0
 
B
5
«
X
«
B
3

5
3
0
 
D
I
"
 
0
(
4
0
>
>
R
(
N
1
.
4
0
)
,
C
4
(
N
1
>
.
C
6
(
N
1
)

5
4
0
 
D
A
T
A
 
0
.
0
,
3
.
1
0

5
5
0
 
R
F
A
f
)
 
N
3
.
F
1
.
C
l
.
C
3

5
6
0
 
0
=
0

5
7
0
 
R
=
n

5
8
0
 
N
?
=
P

5
8
5
 
C
6
*
n

5
°
0
 
P
R
I
N
T
 
"
L
.
 

«
R
F
 
Y
O
U
 
P
I
C
K
I
N
G
 
D
A
T
*
 
"
H
I
N
T
S
 
O
F
F
 
T
W
O
 
R
E
C
O
R
D
S
:

6
0
0
 
I
N
P
U
T
 
O
t

6
1
0
 
I
F
 
0
»
a
"
Y
"
 
T
H
F
N
 
1
0
7
0

6
2
0
 
I
F
 
O
t
O
"
f
:
"
 
T
M
C
N
 
5
0
0

6
3
0
 
0
1
=
-
1

6
4
0
 
P
R
I
N
T
 
"
.
.
.
S
T
A
R
T
 
D
I
G
I
T
J
7
I
N
G
 
T
H
E
 
D
»
T
A
 
P
O
I
N
T
S
"

6
5
0
 
P
R
I
N
T
 

" 
T
h
e
 
o
r
H
»
r
 
i
s
 

a 
d
i
r
e
c
t
 
t
i
m
e
 
f
o
l
l
o
w
e
d
 
h
v
 
n 

r
e
f
l
e
c
t
i
o
n
"



6
6
0
 
P
R
I
N
T
 

" 
t
i
m
e
s
*
 
w
h
e
r
e
 
n
 
i
s
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
l
a
y
e
r
s
 
S
D
e
c
i
f
i
e
d
 
a
h
o
v
e
.
'
 

6
7
0
 
P
R
I
N
T
 
" 

W
h
e
n
 
f
i
n
i
s
h
e
d
*
 
p
r
e
s
s
 
u
.
d
.
 
k
e
y
 
W
4
 
a
n
d
 
d
i
q
i
t
i
/
e
 
a
n
y
 
n
o
i
n
f
,
 

6
7
5
 
P
R
I
N
T
 

" 
(
A
 
m
a
x
i
m
u
m
 
o
f
 
4
0
 
t
r
a
c
e
s
 
i
s
 
a
l
l
o
w
e
d
.
)
"
 

6
8
0
 
F
O
R
 
1
=
1
 
T
O
 
4
0
 

6
9
0
 
I
N
P
U
T
 
9
8
;
X
,
Y
,
Z
*
 

7
0
0
 
X
=
V
*
A
1
»
x
*
A
3
 

7
1
0
 
IF

 
F
1
*
3
 
T
H
F
N
 
1
7
9
0
 

7
2
0
 
I
F
 
F
1
0
4
 
T
H
F
N
 
8
1
0
 

7
3
0
 
P
R
I
N
T
 
U
S
I
N
f
,
 

"
M
"
R
"
"
,
S
"
:
 

7
4
0
 
1
*
1
-
1
 

7
5
0
 

J 
= 
J
-
1

7
6
0
 
I
N
P
U
T
 
S
8
:
X
,
V
,
Z
$
 

7
7
0
 
X
«
V
*
A
1
+
X
»
A
3
 

7
8
0
 
R
(
J
,
I
)
«
X
*
R

T, 
7
9
0
 
P
R
I
N
T
 
U
S
I
N
G
 
1
0
1
0
:
R
(
J
,
|
)
 

8
0
0
 
G
O
 
T
O
 
1
0
4
0
 

8
1
0
 

"J
3 
= 
N
3
 +
 1
 

8
2
0
 
0
(
1
 )
«
X
*
0
3
 

8
3
0
 
P
R
I
N
T
 
U
S
I
N
G
 
8
4
0
:
D
(
I
)
;
 

8
4
0
 
I
M
A
G
E
 

 >
G
G
G
_
M
»
2
D
.
3
D
»
S
 

8
5
0
 
F
O
R
 
J
«
1
 
T
O
 
N
1
 

8
6
0
 
I
N
P
U
T
 
»
8
:
X
,
V
,
2
S
 

8
7
0
 
x
*
Y
*
A
l
*
X
*
A
?
 

8
8
0
 
I
F
 
F
1
s
3
 
T
H
F
N
 
1
7
9
0
 

8
9
0
 
I
F
 
F
1
«
2
 
T
H
F
N
 
1
0
4
0
 

9
0
0
 
I
F
 
F
1
»
5
 
T
H
F
N
 
1
0
2
0
 

9
1
0
 
IF

 
F
1
0
A
 
T
H
F
N
 
9
9
0
 

9
2
0
 
P
R
I
N
T
 
U
S
I
N
G
 

t*
"
M
R
M1
*
,
S
"
t
 

9
3
0
 
IF

 
J
«
1
 
T
H
E
N
 
9
6
0
 

9
4
0
 
J
-
J
-
2
 

9
5
0
 
G
O
 
T
O
 
1
0
2
0
 

9
6
0
 
N
3
«
N
3
-
1
 

9
7
0
 
I
-
I
-
1
 

9
8
0
 
G
O
 
T
O
 
1
0
4
0
 

9
9
0
 
P
(
 J
»
 I

 )
*
X
*
B
3
 

1
0
0
0
 
P
R
I
N
T
 
U
S
I
N
G
 
1
0
1
0
:
R
(
J
»
I
>
;
 

1
0
1
0
 
I
M
A
G
E
 
"
G
"
,
3
D
.
3
0
,
S
 

1
0
2
0
 
F
1
»
0
 

1
0
3
0
 
N
f
X
T
 

J 
1
0
4
0
 
F
1
=
0
 

1
0
5
0
 
N
F
X
T
 

I 
1
0
6
0
 
G
O
 
T
O
 
1
7
0
0

1
0
7
0
 
R
F
M
 
O
P
T
I
O
N
 
T
O
 
P
I
C
K
 
T
I
M
E
S
 
F
R
O
M
 
T
W
O
 
S
E
P
A
R
A
T
E
 
U
F
C
O
R
O
S
 

1
0
8
0
 
0
1
x
1

1
0
9
0
 
P
R
I
N
T
 
M
_
_
*
A
B
K
 
T
H
E
 
S
E
A
F
L
O
O
R
 
A
R
R
I
V
A
L
 
O
N
 
T
H
E
 
F
I
R
S
T
 
R
E
C
O
R
H
"
 

1
1
0
0
 
I
N
P
U
T
 
a
8
:
X
,
Y
,
f
t
 

X
*
Y
*
A
1
»
X
*
A
!
I

1
1
3
0
 
P
R
I
N
T
 
" 

S
T
A
R
T
 
D
I
G
I
T
I
Z
I
N
G
 
D
I
R
E
C
T
 
T
I
M
E
S
"

1
1
4
0
 
P
R
I
N
T
 
"
 

T
O
 
s
t
o
p
 
d
i
g
i
t
i
z
i
n
q
»
 
o
r
e
s
s
 
u
.
d
.
 
k
e
y
 
«
4
 
a
n
d

1
1
4
5
 
P
R
I
N
T
 
"
 

d
i
g
i
t
i
z
e
 
a
n
y
 
D
O
 i
n
t
.
"

1
1
5
0
 
F
O
P
 
|
=
1
 
T
O
 
4
0

1
1
6
0
 
I
N
P
U
T
 
a
8
:
X
,
Y
,
7
t

1 
1 
7
0
 

X 
= 
Y
*
A
1
 +
X
*
 /
H

1
1
8
0
 
IF
 
F1
 =
 3
 
T
H
F
N
 
M
O
P

1
1
9
0
 

IF
 
M
0
4
 
T
H
C
N
 
1
?
4
D

1
?
0
0
 
P
R
I
N
T
 
U
S
I
M
T
,
 
"
"
"
 

P
"
"
,
S
"
:

1
2
1
0
 

K'
3 =

 N
3-
1

1
2
2
0
 
1
=
1
-
?

12
30
 
no

 
TO



1
?
4
0

1?
50

 
o<
 i
)«
x»
R3

1
?
6
0
 
P
R
I
N
T
 
U
S
I
N
G
 
1
?
7
0
:
D
<
|
)

1?
70

1
?
9
0
 
N
F
X
T
 

I
1
3
0
0
 
R
F
M
 
S
E
C
O
N
D
 
R
E
C
O
R
D

1
5
1
0
 
P
R
I
N
T
 
"
L
P
L
A
C
E
 
S
E
C
O
N
D
 
R
E
C
O
R
D
 
O
N
 
T
H
E
 
D
I
G
I
T
I
Z
I
N
G
 
T
A
B
L
E
T
.
"

1
3
?
0
 
G
O
S
U
B
 
?
9
H

1
3
3
0
 
P
R
I
N
T
 
"
_
 _
 D
O
 
Y
O
U
 
W
I
S
H
 
T
O
 
C
H
E
C
K
 
T
H
E
 
T
I
M
E
 
R
E
F
E
R
E
N
C
E
 
M
A
R
K
S
:
 

"
 /'

13
*0

 
IN
PU
T 

ot
1
3
5
0
 
\f

 
O
t
«
"
N
"
 
T
H
E
N
 
1
?
8
0

1
3
6
0
 

IF
 
Q
$
0

M
Y
"
 
T
H
E
N
 
1
3
3
0

1
3
7
0
 
G
O
S
U
P
 
?
3
m

1
3
B
O
 
P
R
I
N
T
 

M
_
M
A
R
K
 
T
H
E
 
S
E
A
F
L
O
O
R
 
A
R
R
I
V
A
L
 
O
N
 
T
H
E
 
S
E
C
O
N
D
 
R
E
C
O
R
D
"

1
3
9
0
 
I
N
P
U
T
 
3
R
:
)
t
/
Y
,
?
1
i

1 
4
0
0
 
X
»
V
*
 »
1 
*
X
*
 A
3

1
4
1
0
 
P
?
«
X
*
B
3

1
4
?
0
 
P
!
=
P
1
-
P
?

1
4
3
0
 
F
1
«
0

1
4
4
Q
 
P
R
t
N
T
 
"
J
J
J
 
S
T
A
R
T
 
O
I
G
I
T
1
7
I
N
6
 
R
E
F
L
E
C
T
I
O
N
 
T
I
M
E
S
"

1
4
5
0
 
P
R
I
N
T
 

" 
W
h
e
n
 
f
i
n
i
s
h
e
d
*
 
p
r
e
s
s
 
u
.
d
.
 
k
e
y
 
*
4
 
a
n
d
 
d
i
g
i
t
i
z
e
"

1
4
5
5
 
P
R
I
N
T
 
"
 

a
n
y
 
p
o
i
n
t
"

1
4
6
0
 
F
O
R
 
|
«
1
 
T
O
 
N
3

1
4
7
0
 
IF

 
F
1
0
4
 
T
H
E
N
 
1
5
6
0

1
4
R
O
 
I
«
I
-
1

1
4
9
0
 
J
«
J
-
1

1
5
0
0
 
I
N
P
U
T
 
3
R
:
«
,
V
,
Z
$

1
5
1
0
 
R
(
J
,
I
)
«
(
Y
*
A
1
*
X
*
A
3
)
*
B
3

1
5
?
0
 
P
R
I
N
T
 
U
S
I
N
G
 

««
«(

» 
  

 ,
 s
"
:

1
5
3
0
 
P
R
I
N
T
 
U
S
I
N
G
 
1
0
1
0
:
R
(
J
»
I
)

1
5
4
0
 
J
=
J
*
1

1
5
5
0
 
G
O
 
T
O
 
1
7
7
0

1
5
6
0
 
P
R
I
N
T
 
U
S
I
N
G
 
"
/
 ,
 "
"
G
G
G
"
"
*
 3
D
 .
 3
0
 »
S
"
 :

 D
 (
 1

 )
1
5
7
0
 
F
O
R
 
J
«
1
 
T
O
 
N
1

1
5
8
0
 
I
N
P
U
T
 
3
8
:
X
,
Y
,
;
»

1
5
9
0
 
X
=
Y
*
A
1
»
X
»
«
^

1
6
0
0
 

IF
 
F
1
=
3
 
T
H
F
N
 
1
7
0
0

1
6
1
0
 

IF
 
F
1
=
?
 
T
H
F
N
 
1
7
7
0

1
6
?
0
 

\f
 
F
1
«
5
 
T
H
F
N
 
1
7
5
0

1
6
3
0
 

IF
 
F
1
<
>
4
 
T
H
E
N
 
1
7
?
0

1
6
4
0
 

IF
 
J
<
>
1
 
T
H
E
N
 
1
6
9
0

1
6
5
0
 
1
=
1
-
1

1
6
6
0
 
J
«
N
1
-
1

1
6
7
0
 
P
R
I
N
T
 
U
S
I
N
G
 
"
"
"
 

R 
"
"
,
S
"
:

1
6
R
O
 
G
O
 
T
O
 
1
7
5
0

1
6
9
0
 
P
R
I
N
T
 
U
S
I
N
G
 
"
«
»
n
"
«
,

s
«

:
1
7
0
0
 
J
-
J
-
2

1
7
1
0
 
G
O
 
T
O
 
1
7
5
0

1 
7
?
0
 
P
(
 J
 ,

 I
 )

 «
X
*
P
^
*
P
3

1
7
3
0
 
P
R
I
N
T
 
U
S
I
N
G
 
1
7
4
0
:
R
(
J
,
I
)

1
7
4
0
 
I
f
A
G
E
 
"
G
"
,
3
D
.
3
*
,
S

1
7
5
0
 
F
1
=
0

1
7
6
0
 
N
E
X
T
 

J
1
7
7
0
 
F
1
«
0

1
7
B
O
 
N
F
X
T
 

I
1
7
9
0
 
P
4
s
-
D
(
1
)

1
8
0
0
 
P
f
*
(
»
(
1
»
1
)
-
B
4
)
*
n
7
*
1
0
0
n
/
?

1
8
1
0
 
P
R
I
N
T
 
"
L
S
I
i
r
.
G
F
S
T
E
n
 
P
R
O
C
E
D
U
R
E
:
"

1
8
?
n
 
P
R
I
N
T
 

" 
_
 

1.
 

M
«
K
F
 
C
O
P
Y
 
O
F
 
I
N
P
U
T
 
P
A
R
A
M
E
T
F
R
S
 

( 
U
.
&
.
 

If 
F 
Y



18
?1

 
1
8
3
0
 

1
8
4
0
 

1
R
5
0

1
8
5
5

1
8
5
6
 

1
P
A
O
 

1
8
7
0
 

1
8
8
0
 

1
8
9
0
 

1
9
0
0
 

1
9
1
0
 

1
9
2
0
 

1
9
3
0
 

1
9
4
0
 

1
9
5
0
 

1
9
6
0
 

1
9
7
0
 

1
9
8
0
 

1
9
9
0
 

2
0
0
0
 

2
0
1
0
 

2
0
2
0
 

2
0
3
0
 

2
0
4
0
 

2
0
5
0
 

2
0
6
0
 

2
0
7
0
 

2
0
8
0
 

2
0
9
0
 

2
1
0
0
 

2
1
1
0
 

2
1
2
0
 

2
1
3
0
 

2
1
4
0
 

2
1
5
0
 

2
1
6
0
 

2
1
7
0
 

2
1
B
O
 

2
1
9
0
 

2
2
0
0
 

2
2
1
0
 

2
2
2
0
 

2
2
3
0
 

2
2
4
0
 

2
2
5
0
 

2
2
6
0
 

2
?
7
0
 

2
2
8
0
 

2
2
9
0
 

2
3
0
0

23
10

2
3
2
0

2
3
3
0

2
3
4
0

2
3
5
0

2
3
6
0

2
3
7
0

2
3
8
0

2
3
9
0

2
4
0
0

7. 3. 4. o
r

1 

4.

P
A
K
E
 
C
O
P
Y
 
O
F
 
D
I
G
I
T
I
Z
E
D
 
P
I
C
K
S
 

S
A
V
E
 
R
A
W
 
D
A
T
A
 
O
N
 
T
A
P
E
 

Af
>D
 
H
Y
D
R
O
P
H
O
N
E
 
D
E
L
A
Y
E
D
 
R
E
L
E
A
S
E
"
 

C
O
R
R
E
C
T
I
O
N
 
A
N
D
 
G
O
 
T
O
 
X
?
 
- 

T 
?.

G
O
 
D
I
R
E
C
T
L
Y
 
T
O
 
X
?
 
- 

T
2

M
A
G
E
 

I
M
A
G
E
 

I
M
A
G
E
 

I
M
A
G
E
 

I
M
A
G
E
 

I
M
A
G
E
 

I
M
A
G
E
 

I
M
A
G
E

P
R
I
N
T
 

" 
)

P
R
I
N
T
 
"
_

P
R
I
N
T
 
"
_

P
R
I
N
T
 
"
_

P
R
I
N
T
 
"

P
R
I
N
T
 
"
_

P
P
I
N
T
 
"
_

F
N
D

R
E
*
 

p
r
i
n
t
s
 
o
u
t
 
l
i
s
t
 
o
f

P
P
I
N
T
 
"
L
 

I
N
P
U
T
 
P
A
R
A
M
E
T
E
R
 
L
I
S
T
_
 

"
P
P
I
N
T
 
A
t

P
R
I
N
T
 
R
»

P
R
I
N
T
 
U
S
I
N
G
 
?
0
1
0
:
R
1

P
R
I
N
T
 
U
S
I
N
G
 
20
?f
)«
B7

P
R
I
N
T
 
U
S
I
N
G
 
?
0
4
0
;
R
2

P
R
I
N
T
 
U
S
I
N
G
 
?
0
3
n
:
H
6

P
P
I
N
T
 
U
S
I
N
G
 
2
0
5
0
:
R
P

P
R
I
N
T
 
U
S
I
N
G
 
20
<S
O:
H.
4

P
R
I
N
T
 
U
S
I
N
G
 
2
0
7
0
:
H
5

P
R
I
N
T
 
U
S
I
N
G
 
2
0
*
0
:
N
1

P
R
I
N
T
 
U
S
I
N
G
 
2
0
«
0
:
N
3

I
^
A
G
E
 
"
.
.
H
o
r
 i
»
o
n
t
 a
l 

s
o
u
n
d
 
v
e
l
o
c
i
t
y
 
i
n
 
w
a
t
e
r
 
»
M
»
2
d
.
3
d
»
"
 
k
w
/
s
e
c
"
 

.
A
v
e
r
a
g
e
 
v
e
r
t
i
c
a
l
 
s
o
u
n
d
 
v
e
l
o
c
i
t
y
 
»
"
»
7
.
d
.
3
d
»
"
 
k
m
/
s
e
c
"
 

.
W
a
t
e
r
 
d
e
p
t
h
*
"
*
 5
d
.
 1
d
»
"
 
m
e
t
e
r
s
"
 

.
H
y
d
r
o
p
h
o
n
e
 
d
e
p
t
h
 
«
"
,
4
d
.
1
d
»
"
 
f
e
e
t
"
 

.
C
o
n
v
e
r
s
i
o
n
 
f
a
c
t
o
r
 
i
s
"
»
2
d
.
6
d
»
"
 

s 
e
e
/
w
i
 1

 1
 i
*
e
 t
 e
r
"
 

.
D
e
l
t
a
:
 
t
i
m
e
 
z
e
r
o
 
c
o
r
r
e
c
t
i
o
n
 
f
a
c
t
o
r
 

is
 
"
»
-
1
d
.
4
d
»
"
 
s
e
c
"
 

.
H
y
d
r
o
p
h
o
n
e
s
 
d
r
o
p
p
e
d
 
at
 

a 
d
i
r
e
c
t
 
t
1
«
e
 
o
f
"
»
2
d
.
?
d
»
"
 
s
e
c
"
 

_
"
,
2
d
,
M 

l
a
y
e
r
s
 
w
e
r
e
 
p
i
c
k
e
d
"
 

_
"
,
3
d
»
"
 
t
r
a
c
e
s
 
w
e
r
e
 
p
i
c
k
e
d
"

IF
 
O
K
O
 
T
H
E
N
 
2
2
0
0

P
R
I
N
T
 
"
J
J
D
A
T
A
 
P
I
C
K
S
 
W
E
R
E
 
F
R
O
M
 
T
W
O
 
S
E
P
A
R
A
T
E
 
R
E
C
O
R
D
S
"

P
R
I
N
T
 
U
S
I
N
G
 
2
1
6
0
:
R
3

P
R
I
N
T
 
U
S
I
N
G
 
2
1
7
0
:
P
1

P
R
I
N
T
 
U
S
I
N
G
 
2
1
«
0
:
P
?

P
R
I
N
T
 
U
S
I
N
G
 
2
1
9
0
:
P
3

I
^
A
G
E
 
"
.
C
o
n
v
e
r
s
i
o
n
 
f
a
c
t
o
r
 
f
o
r
 
s
e
c
o
n
d
 
r
e
c
o
r
d
 
i
s
"
»
?
d
.
7
d
»
"
 
m
m
/
s
e
c

I
M
A
G
E
 
"
.
R
e
f
e
r
e
n
c
e
 
p
o
i
n
t
 
o
n
 
f
i
r
s
t
 
r
e
c
o
r
d
 
i
s
"
»
3
d
.
3
d
»
"
 
s
e
c
.
"

I
M
A
G
E
 
"
.
R
e
f
e
r
e
n
c
e
 
p
o
i
n
t
 
o
n
 
s
e
c
o
n
d
 
r
e
c
o
r
d
 
i
s
"
»
3
d
.
^
d
»
"
 
s
e
c
.
"

I
M
A
G
E
 
"
.
R
e
f
e
r
e
n
c
e
 
p
o
i
n
t
 
t
i
m
e
 
d
i
f
f
e
r
e
n
c
e
 
i
s
"
»
2
d
.
3
d
»
"
 
s
e
c
.
"

R
E
T
U
R
M

R
F
M
 
P
R
I
N
T
S
 
O
U
T
 
D
A
T
A
 
T
A
B
L
E
 
(
i
f
 
» 

o
f
 
l
a
y
e
r
s
 

< 
9)

P
R
I
N
T
 
"
L
T
A
f
l
L
E
 
O
F
 
D
I
G
I
T
I
7
E
D
 
P
I
C
K
S
:
 

f> 
( 
J 

) 
; 
R 

( 
I 
t 
J 

) 
J 
J 
"

F
O
R
 
1*

1 
T
O
 
N
3

P
R
I
N
T
 
U
S
I
N
G
 
"
/
,
 3
f>

 .
 3
D
,
S
 "
: 
D 

( 
I 

)
F
O
R
 
J
*
1
 
T
O
 
N1

P
R
I
N
T
 
U
S
I
N
G
 
"
3
D
.
^
D
»
S
"
:
R
(
J
»
I
 )

N
T
X
T
 

J
N
E
X
T
 

I
P
P
I
N
T

RE
TU
RN
'

RE
M 

Go
su
n 

TO
 
CH

EC
K 

RE
FE

RE
NC

E 
PI
CK
S

P
R
I
N
T
 
"
Y
O
U
 
C
A
N
 
H
F
R
E
 
M
A
K
E
 
A
N
Y
 
N
U
M
B
E
R
 
O
F
 
D
A
T
A
 
P
I
C
K
S
 
I
N
 
O
R
D
E
R
"

P
R
I
N
T
 
"
T
O
 
C
H
E
C
K
 
O
U
T
 
Y
O
U
R
 
R
E
F
E
R
E
N
C
E
 
S
Y
S
T
E
M
.
 

W
H
E
N
 
Y
O
U
 
A
R
E
"

P
R
I
N
T
 
"
S
A
T
I
S
F
I
E
D
*
 
P
R
E
S
S
 
P
I
I
T
T
O
N
 
N
t
l
M
I
E
R
 

1 
O
N
 
T
H
E
 
C
U
R
S
O
R
.
"

I
N
P
U
T
 
9
«
:
X
,
Y
,
Z

IF
 
7
*
8
 
T
H
F
N
 
2
4
0
0

X
=
(
 Y
*
»
1
»
x
*
A
3
)
*
B
3

P
P
I
N
T
 

X
G
O
 
TO

R
F
T
U
R
N

IM
S'

ma
­



1 
R
E
*
 

S
L
O
D
l
G
l
T
 

S
U
B
R
O
U
T
I
N
E
 

H
D
R
C

2 
G
O
 
T
O
 
1
0
P

4
4
 

RE
!"

 
G
O
 
T
O
 
X
?
-
T
2

4
5
 
G
O
S
U
P
 
4
P
O

4 
7 

P
E
 T
U
R
N

1
0
0
 
R
F
H
 
S
U
B
P
R
O
G
R
A
M
 
T
O
 
C
O
R
R
E
C
T
 
F
O
R
 
D
E
L
A
Y
E
D
 
R
E
L
E
A
S
E
 
O
F
 
H
V
D
R
O
P
H
O
N
C

1
1
0
 
P
R
I
N
T
 
"
T
H
I
S
 
S
E
C
T
I
O
N
 
W
I
L
L
 

f>
0 
E
I
T
H
E
R
:
"

1
2
0
 
P
R
I
N
T
 
"
 

1
.
)
 

C
O
R
R
E
C
T
 
F
O
R
 
D
E
L
A
Y
E
D
 
R
F
L
F
A
S
E
 
O
F
 
H
Y
D
R
O
P
H
O
N
E
*

1
1
0
 
P
R
I
N
T
 
" 

?
.
)
 

T
H
E
 
R
E
V
E
R
S
E
*
 
R
E
M
O
V
E
 

A 
P
R
F
V
I
O
U
S
 
C
O
R
R
E
C
T
I
O
N
*

1
4
0
 
P
R
I
N
T
 
"
W
H
I
C
H
 
O
P
T
I
O
N
 
D
O
 
Y
O
U
 
W
A
N
T
1
"

is
o 

IN
PU

T 
o$

1
6
0
 
IF
 
0
*
»
"
1
"
 
T
H
F
N
 
1
8
0
 

1
7
0
 
I
F
 
O
t
<
>
"
2
"
 
T
H
E
N
 
1
4
0

1
9
0
 
F
O
R
 

I 
»1

 
T
O
 
N
1

2
0
0
 
C
5
»
(
R
(
I
»
1
 )
-
P
(
1
»
1
 )
) 
/?

2
1
0
 
C
4
(
T
)
«
(
1
.
?
?
*
C
5
*
1
 .
O
V
C
5
*
2
-
0
.
1
?
*
C
5

-
3
>
*
1
0
0
0

2
2
0
 
C
6
(
I
)
-
^
6
-
C
^
*
C
«
(
l
)

2
3
0
 
N
E
X
T
 

I
2
*
0
 
F
O
R
 
1
-
1
 
T
O
 
?
0

2
5
0
 

I 
F 

D(
 1
)
>
B
S
 
T
H
F
N
 
3f
tO

2
6
0
 
X
«
D
(
I
 )
*
P
1
*
1
0
0
0

2
7
0
 
F
O
R
 
J
«
1
 
T
O
 
Nl

2
«
0
 
C
7
«
1
/
(
B
7
*
i
n
O
O
)

2
<
)
O
T
«
C
7
M
(
(
X
/
?
)
-
2
*
(
C
6
(
J
)
-
C
2
)
*
?
)
*
n
.

>i
-
(
(
X
/
2
)
*
2
*
(
C
6
(
J
)
-
C
1
)
'
?
)
-
O
.
S
)

3
0
0
 
IF

 
R
(
J
,
I
)
=
0
 
T
H
E
N
 
3
S
O

3
1
0
 
IF

 
O
i
«
"
?
w 

T
H
E
N
 
3
C
O

3
2
0
 
R
(
 J
»
I
 )
«
R
(
J
,
t
 )
*
T

3
3
0
 
G
O
 
TO

 
?
5
0

3
«
0
 
R
(
J
»
I
 )
«
R
(
J
,
I
 )
-
T

3
5
0
 
N
E
X
T
 

J
3
6
0
 
N
E
X
T
 

1
4
0
0
 
R
E
*
 

B
R
A
N
C
H
 
C
O
R
R
E
C
T
L
Y
 
T
O
 
X
?
-
T
?

4
1
0
 
IF

 
0
1
>
?
 
T
H
E
N
 
4
6
0

4
2
0
 
0
1
=
3

4
3
0
 
F
I
N
D
 

4
4
4
0
 
C
A
L
L
 
"
L
I
N
K
"
,
 1
0
0

4
5
0
 
R
E
T
U
R
N

4
6
0
 
F
I
H
D
 

4
4
7
0
 
C
A
L
L
 
*
*
L
I
N
r
"
,
1
3
0

4
8
0
 
R
E
T
U
R
N



1 
R

E
*!

 
S

iO
n

lf
, 

IT
 

- 
S

u
P

"
O

u
M

N
E

 
x
?

T
?

2 
G

O
 

TO
 

10
C

4
8
 
R
F
M
 

R
E
T
U
R
N
 
T
O
 
H
Y
D
R
O
P
H
O
N
E
 
R
F
L
F
A
S
F
 
f
>
F
L
«
Y
 
C
O
R
R
F
C
T
I
O
N

4
9
 
FI

 N
O
 

?
5
0
 
C
A
L
L
 
M
L
I
N
K
"
,
1

5
1
 
P
F
T
U
R
N

6
4
 

RE
*'

 
L
I
N
K
 
T
O
 
F
D
I
T
 
A
N
D
 
O
U
T
P
U
T
 
S
F
G
^
E
N
T

6
5
 
F
I
N
D
 
5

66
 
CA

LL
 

ML
IN

K"
,I

6
7
 
R
E
T
U
R
N

9
0
 
R
F
M
 
S
U
B
P
R
O
G
R
A
M
 
T
O
 
0
0
 
X
?
-
T
?
 
A
N
D
 
P
L
O
T

1
0
0
 
0
1
"
 
T
K
N
l
)
,
T
2
(
N
1
>
,
T
5
(
N
D
,
T
f
t
(
N
l
)
,
N
5
(
N
1
)
,
E
 J
(
N
1
)
,
T
7
(
N
1
)

1
1
0
 
P
R
I
N
T
 
3
3
?
»
?
6
:
0

1
?
0
 
N
 =
 N
3

1
3
0
 
F
1
*
0

14
0 

E?
=o

1
5
0
 
F
O
R
 
1
*
1
 
T
O
 
N
1

1
6
0
 
IF

 
N
(
I
)
<
»
0
 
T
H
E
N
 
5
7
0

1
7
0
 
5
1
*
0

1
P
O
 
S
2
*
n

1
9
0
 
S
3
s
O

2
0
0
 
5
4
*
0

2
1
0
 
5
5
*
0

2
?
0
 
N
5
(
I
)
*
0

2
3
0
 
F
O
R
 
J
»
1
 
T
O
 
N
3

2
4
0
 
0
2
«
(
(
D
(
 J
)
»
0
'
.
)
*
B
1
 )
*
?

2
5
0
 
«
2
*
(
R
U
 »
J
)
»
0
4
)
'
?

2
6
0
 
IF

 
0
(
J
)
<
0
 
T
H
E
N
 
3
6
0

2
7
0
 

IF
 
»
(
I
,
J
)
<
=
0
 
T
H
E
N
 
3
6
0

2
8
0
 
E
1
*
0
2
 
M
A
X
 
F1

2
9
0
 
E
?
*
P
2
 
r
*
X
 
E
?

3
0
0
 

S
3
1
0
 

S
3
2
0
 
S
3
*
S
?
»
R
2

3
3
0
 
S
4
*
S
4
»
P
?
"
?

3
4
0
 

S
3
1
0
 
N
5
(
I

3
6
0
 
N
E
X
T
 

J
3
7
0
 
J
=
J
-
1

3
8
0
 
E
3
(
I
)
*
0
?

3
9
0
 
T
1
(
I
)
*
(
N
5
(
I
)
*
S
5
-
S
1
*
S
3
)
/
(
N
5
(
I
)
*
S
?
-
S
1
"
2
)

4
0
0
 
T
?
(
I
)
e
(
S
3
»
S
?
-
S
l
»
S
5
)
/
(
N
5
(
I
)
*
S
2
-
S
1
*
?
)

4
1
0
 
T
5
*
S
Q
I
»
{
(
S
?
-
S
1
'
2
/
N
5
(
I
»
/
(
N
S
(
I
)
-
1
»

4
2
0
 
T
4
 =
 S
O
«
J
(
(
S
4
-
S
3
'
2
/
N
5
(
I
)
)
/
(
N
5
(
I
)
-
1
»

4
3
0
 
T
5
<
I
)
«
<
N
5
(
I
>
«
S
5
-
S
1
*
S
3
)
/
(
N
5
(
I
>
*
(
N
M
I
)
-
1
)
«
M
*
T
4
)

4
4
0
 
T
6
(
I
)
«
S
O
R
(
1
/
T
1
(
I
)
)

4
5
0
 
IF

 
I«

1 
T
H
E
N
 
5
2
0

4
6
0
 
J
«
I
-
1

4
7
0
 
IF

 
N
(
J
)
>
0
 
Tl
lf
N 

5
0
0

4
8
0
 
J
*
J
-
1

4
9
0
 
G
O
 
TC
 
4
7
0

5
0
0
 
T
?
<
J
)
«
(
T
2
m
«
T
M
|
)
*
?
-
T
?
(
J
)
*
T
6
(
J
)
*
?
>
/
(
T
?
<
l
)
-
T
?
<
J
»

5
1
0
 
T
7
(
J
)
a
S
O
P
(
T
7
(
j
)
 )

5
?
0
 
N
E
X
T
 

I
53
0 

RF
f 

GO
SU

P 
"»

OU
TI

NF
 
FO

P 
LL
SO
 
DA

TA
5
4
0
 
P
P
.
I
N
T
 
U
S
I
N
G
 
"
I
I
I
"
:

5
5
0
 
P
R
I
N
T
 
"
 

n
o
 
Y
O
U
 
W
I
S
H
 
T
O
 
S
C
F
 
O
A
T
A
 
F
P
O
M
 
A
L
L
 
I
A
Y
F
P
S
'

5
6
0
 
I
N
P
U
T
 
G
t

5
7
0
 

IF
 

O
tx

"
Y

"
 

T
II

F
N

 
7

4
H

5
R

O
 

IF
 

O
tO

"
N

"
 

T
H

E
M

 
5

S
P



3
.1

IU
 

A
iliO

U
A

... f<: J»l V
A

d
 J

iN
l ,

d
3A

V
~lu 

iN
la

d
 

O
/ll

. 
O

N
isn 

iN
la

d
 

u
v
u

..3
3
iu

(1
)(>

N
:

M
Q

i '....«
i
l
l

3
'j«

d
 

O
S

li
tO

 
Ifld

N
l 

O
V

ll

3
~
l
b
V
l
 
A
1
1
3
0
1
3
A
 
O
N
l
l
N
l
b
O
 
d
C
U
 
e
O
S
O
'
J
 
M
d
d
 
0
2
 U

N
d
f
U
 3
d
 
(
J
i
l
l
 

,
.
"
"
"
«
 
i
f
H
a
d
 
O
U
l
l
 

O
U
l
 
U
I
 
0
9
 
0
6
0
1
 

* 
i
X
J
N
 
0
8
0
1
 

I
N
l
d
d
 
0
/
U
l
 

r 
U
I
 
i
«
*
 
a
O
j
 
0
9
0
1
 

i
N
-
O
l
-
4
k
»
f
 
0
4
0
1
 

0
0
1
1
 
N
3
H
1
 
4
2
<
1
N
 
j
l
 
U
V
O
l
 

T 
i
X
3
N
 
O
i
O
L
 

I
N
l
d
d
 
0
2
0
1
 

U
i
O
l
 
0
1
 

O'J 
0
1
0
1
 

M
«
»

M
 
I
N
l
d
d
 
0
0
0
1
 

N
3
H
1
 
£
*
0
>
(
V
d
)
S
8
V
 

3
1
 
0
6
6
 

»
'
(
Q
9
*
Q
4
)
9
M 

O
N
l
S
n
 
I
N
l
d
d
 
0
8
6
 

i
d
-
2
d
=
»
a
 
0
/
6
 

( 1) 11 »<:a» ( I) 2
i
«
£
d
 
0
9
6
 

0
2
0
1
 
N
3
H
1
 
U
 = X

f
'
l
)
a
 
jl 

0
4
6
 

0
2
0
1
 
N
3
H
1
 
O
X
T
)
Q
 
3
1
 
0
7
6
 

a 
0
£
6
 

0 
0
2
6
 

£
N
 
0
1
 
l
«
t
 
d
0
3
 
0
1
6

b 
3
3
N
V
d
 

l
D
3
d
l
Q
 

rrr
u 

i
N
l
a
d
 
0
0
6

0
3
S
n
 
S
I
N
l
O
d
 
30 

d
i
d
W
O
N
 

H
,,M 

9
N
1
S
O
 
I
N
l
d
d
 
0
6
8

!
£
'
«
»
 
l
d
3
3
d
3
1
N
I
 

M
'
Q
£
*
Q
2
'
H
> 

3
d
0
1
S
u 

3'JVmI 
0
8
8

( l
)
4
i
'
(
 1 )

2
1
'
(
I
)
 H
S
0
8
8
 
9
N
I
S
O
 
I
N
l
d
d
 
0
/
8

048
V
1
V
Q
 
U
S
1
1
 
3
0
 
3
1
d
V
l
 
3
N
l
i
l
d
n
 
U
0
3
 
«
(
1
S
0
9
 
*|ja 

0
)
8

0
2
U
 
Oi 

09 
Ot« 

I 
1
X
3
N
 
028

09d 
ensoo 

ois
02tf 

N
3
H
i
 
0
»
(
I
)
N
 
J
l
 
0
0
8
 

I
N
 
0
1
 
2
*
1
 
d
O
J
 
0
6
/

o^tf 
anioo 

08/
0
6
/
 
0
1
 
0
3
 
O
/
/

3t)»d 
0
9
/

0
8
/
 
N
3
H
1
 
0
<
(
I
 )
N
 
J
l
 
0
4
/

1
*
1
 
0
V
/

0
2
1
1
 
0
1
 

O'J 
O
i
/

0
6
9
 

N
3

H
1

 
M
N

«
O

iO
 

3
1
 

0
2
/

0
^

9
 

N
3

h
l 

«
A

M
s

S
O

 
J 1 

O
l/

tO
 

llld
N

l 
O

O
/

M
«
.
d
3
A
V
l
 
d
3
H
!
U
N
V
M 

I
H
l
H
d
 
0
6
9

ov8 
ansoo 

089
0
1
9
 
0
1
 
O
D
 
0
/
9

A
*w

n
<

l 
'S

d
3
A

V
l 

A
N

V
I4 

iV
H

l 
1

,N
IV

 
IS

O
T

 
d

d
3

H
l., 

iN
la

d
 

0
9
9

0
*9

 
N

3
II1

 
IN

=
>

I 
i\ 

0
4

9
1 

IH
d

N
l 

0
7
9

M
c
S

d
3
A

«
l 

J
H

1
 

JO
 

A
N

V
 

M
O

tU
 

V
1

V
Q

 
3
3
S

 
U

I

O
i9

0
6
4
 

N
3
H

1
 

,.A
U

<
>

$
0

 
J

l 
0
2
9
 

0
2

U
 

N
3
H

1
 

M
N

H
*S

O
 
il 

0
1
9
 

tO
 

ifld
N

l 
0
0
9
 

O
O

A
 

O
Q

~
«
 

iM
U

d
 

0
6

4



1
1
8
0
 
P
P
I
N
T
 
U
S
I
N
G
 
"
2
T
,
"
"
 

D
F
P
T
H
K
1
J
 

V
E
L
O
C
I
T
Y
 

F
I
T
 

"
"
"
 

1
1
9
0
 
P
R
I
N
T
 
U
S
I
N
G
 
1
2
0
0
:

1
2
0
0
 
I
M
A
G
E
1
0
T
,
"
(
K
M
/
S
E
C
)
 

(
S
F
C
)
 

(
K
M
)
 

(
K
M
/
S
E
C
)
_
"

1
2
1
0
 
F
O
R
 

l
«
1
 
T
O
 
N
l
-
1

1
2
2
0
 
IF

 
N
(
I
)
>
C
 
T
H
E
N
 
1
2
5
0

1
2
3
0
 
P
R
I
N
T
 
"
L
«
Y
E
R
 
D
E
L
F
T
^
D
"

1
2
4
P
 
G
O
 
T
O
 
1
2
*
°

1
2
5
0
 
T
3
=
S
O
R
(
T
2
(
I
»
/
2

1
2
6
0
 
P
R
I
K
T
 
U
S
I
N
G
 
1
2
7
0
:
I
»
T
6
(
I
)
/
T
3
,
T
3
«
T
6
(
I
)
,
T
7
(
I
 )

 ,
T
5
 (

 I
 )

1
2
7
0
 
I
M
A
G
E
 
3
0
,
4
X
,
4
D
.
*
0
,
4
X
,
3
(
4
0
.
3
D
,
4
X
)
,
5
D
.
5
D

1
2
8
0
 
N
F
X
T
 

I
1
2
9
0
 
T
3
=
S
O
R
(
T
2
(
I
)
)
/
2

1
3
0
0
 
P
R
I
N
T
 
U
S
I
N
G
 
1
3
1
0
:
I
»
T
6
<
I
>
»
T
3
,
T
3
*
T
6
(
I
)
»
T
5
(
 I

 >
1
3
1
0
 
I
M
A
G
E
 
3
D
,
4
X
,
4
D
.
3
D
,
4
X
,
2
(
4
0
.
3
D
,
4
X
)
,
1
3
X
,
4
0
.
5
0

1
3
2
0
 
P
R
I
N
T
 
"
J
j
d
)
 
D
e
p
t
h
 
to

 
t
h
e
 
t
o
p
 
o
f
 
t
h
e
 
r
e
f
r
a
e
t
e
r
:
 

V
(
r
m
s
)
 
i
n
t
e
r
c
e
p
t
"

1
3
3
0
 
P
R
I
N
T
 
"
J
(
2
)
 
I
n
t
e
r
v
a
l
 
v
e
l
o
c
i
t
y
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
D
i
n
*
 
e
q
u
a
t
i
o
n
.
"

1
3
6
0
 
P
R
I
N
T
 
"
_
_
_
_
D
O
 
Y
O
U
 
W
I
S
H
 
TO
 
S
E
E
 
T
H
E
 
X
2
-
T
2
 
P
L
O
T
'
"

1
3
7
0
 
I
N
P
U
T
 
O
J

1
3
8
0
 
IF

 
O
t
*
"
N
"
 
T
H
E
N
 
2
1
4
0

1
3
9
0
 

IF
 
0
$
<
>
"
Y
"
 
T
H
E
N
 
1
3
6
0

1
4
0
0
 
R
E
1
 
P
L
O
T
T
I
N
G
 
S
F
C
T
I
O
N

1
4
1
0
 
R
E
M
 
I
N
I
T
I
A
L
I
Z
I
N
G
 
P
L
O
T
T
I
N
G
 
V
A
L
U
E
S

1
4
2
0
 
X
1
«
0

1
4
3
0
 
X
2
«
(
I
N
T
(
E
1
/
5
>
*
1
)
*
5

1
4
4
0
 
Y
1
«
I
N
T
(
T
2
(
1
>
/
5
>
«
5

1
4
5
0
 
Y
2
«
(
 I
N
T
(
E
2
/
5
)
*
1
)
«
5

1
4
6
0
 
X
^
«
5

1
4
7
0
 
Y
*
«
5

1
4
8
0
 
G
O
S
U
B
 
15

«»
n

1
4
9
0
 
P
R
I
N
T
 
"
0
0
 
Y
O
U
 
W
A
N
T
 
T
O
 
S
E
E
 
T
H
E
 
P
L
O
T
 
A
T
 
A 

D
I
F
F
E
R
E
N
T
 
S
C
A
L
E
'
"

1
5
0
0
 
I
N
P
U
T
 
0
*

1
5
1
0
 
IF
 
O
J
«
"
N
"
 
T
H
E
N
 
1
S
«
0

1
5
2
0
 

IF
 
O
t
o
"
Y
"
 
T
H
E
N
 
1
4
9
0

1
5
3
0
 
P
R
I
N
T
 
"
W
I
N
O
O
W
:
 

X
1
,
X
2
»
Y
1
,
Y
?
;
 

"
1
5
4
0
 
I
N
P
U
T
 
X
1
,
X
2
»
Y
1
,
Y
2

1
5
5
0
 
P
R
I
N
T
 
"
X
-
A
X
I
S
 
I
N
T
E
R
V
A
L
*
 
Y
-
A
X
I
S
 
I
N
T
E
R
V
A
L
!
 

"
1
5
6
0
 
I
N
P
U
T
 
X
3
,
Y
3

1
5
7
0
 
G
O
S
U
B
 
1
5
9
0

1
5
8
0
 
G
O
 
T
O
 
2
1
4
0

1
5
9
0
 
P
A
G
E

1
6
0
0
 
X
t
«
"
K
I
L
O
M
F
T
E
R
S
 
-
 
S
Q
U
A
R
E
D
"

1
6
1
0
 
Y
t
«
"
S
E
C
O
N
D
S
 

I 
S
Q
U
A
R
E
D
"

1
6
2
0
 
W
I
N
D
O
W
 
X
1
,
X
2
/
Y
1
,
Y
2

1
6
3
0
 
V
I
F
W
P
O
R
T
 
«
.
9
5
*
1
2
8
.
2
1
»
8
.
4
6
,
1
0
0

1
6
4
0
 
A
X
I
S
 
X
3
,
Y
^

1
6
5
0
 
M
O
V
E
 
X
1
*
(
X
2
-
X
1
)
/
1
0
,
Y
2

16
60

 
PR
IN
T 

"J
";

A$
;

1
6
7
0
 
f
O
V
E
 
(
X
1
»
X
2
)
/
2
,
Y
1

1
6
8
0
 
F
O
R
 
I
«
1
 
T
O
 
L
E
M
(
X
t
)
/
?

1
6
9
0
 
P
R
I
N
T
 
"
H
"
;

1
7
0
0
 
N
F
X
T
 

I
17

10
 
PR
IN
T 

"j
jj
";
xt
;

1
7
2
0
 
F
O
R
 
I
«
X
1
 
T
O
 
X
2
 
S
T
E
P
 
X
3
 

1
7
3
0
 
M
O
V
E
 
I
,
V
I

17
40
 
PR
IN
T 

"H
J"

:I
;

1
7
5
0
 
N
F
X
T
 

I
1 
7
6
0
 
I"
OV
F 

X 
1
,
 (

 V
2
 +
 Y
1
 )

 /
2

1
7
7
0
 
P
R
I
N
T
 
"
H
H
H
M
H
"
;

1
7
R
O
 
F
O
R
 
1
=
1
 
T
O
 
L
E
N
(
Y
t
)
/
2

1
7
9
0
 
P
R
I
N
T
 
"
K
"
;



0
0 o-

1
8
0
0
 

I
P
 1
0

18
?0

N
F
X
T
 

F
O
R

T
O
 
L
E
N
<
 Y
t
 )

1
P
4
0

18
50

I
8
6
0

IP
 /
n

18
fl
O 

1
8
9
0
 

1
9
0
0
 

1
9
1
0
 

1
9
?
0
 

1
9
3
0

PP
IN
T 

I\
:"
HJ

M;
N
E
X
T
 

I
FO

R 
I»

YI
 
TO

 
Y?

 
ST
EP

M
O
V
F
 
x
1
»
I

PP
IN
T 

"H
HH
";
I;

N
E
X
T
 

I
P
F
M
 
P
L
O
T
 
D
A
T
*
 
P
O
I
N
T
S

F
O
B
 
I
«
1
 
T
O
 
N
l

I
F
 
N
(
I
)
<
-
0
 
T
H
F
N
 
?
1
0
0

F
O
R
 
J
=
1
 
TO
 
N
3

1
9
5
0
 

1
9
6
0
 

1
9
7
0
 

1
9
8
0
 

1
9
9
0
 

2
0
0
0
 

?
0
1
0
 

2
0
?
0
 

2
0
3
0
 

2
0
4
0
 

?
0
5
0
 

?
0
6
0
 

?
0
7
0
 

2
0
8
0
 

2
0
9
0
 

2
1
0
0
 

2
1
1
0
 

2
1
2
0
 

2
1
3
0
 

2
1
4
0

P
?
a
(
 R
( 

I 
r 
J 

) 
»
H
4
 )

 "
2

I
F
 
0
(
J
)
<
0
 
T
H
E
N
 
?
0
7
0

I
F
 
R
(
I
,
J
)
<
=
0
 
T
H
E
N
 
?
0
7
0

IF
 
D
?
<
X
1
 
T
H
E
N
 
?
0
7
0

IF
 
0
2
>
X
?
 
T
H
F
N
 
2
0
7
0

IF
 
R
2
<
Y
1
 
T
H
E
N
 
2
0
7
0

IF
 
R
?
>
Y
?
 
T
H
E
N
 
?
0
7
0

X
4
«
0
.
0
2
*
0
?

Y
t
«
O
.
P
2
*
R
?

M
O
V
E
 
0
2
»
R
?
+
Y
4

R
O
R
A
W
 
0
»
-
?
*
Y
4

M
O
V
E
 
0
?
+
X
t
,
R
2

P
O
R
A
U
 
-
2
*
X
4
,
0

N
F
X
T
 

J
W
O
V
E
 
E
3
(
I
 )
,
T
2
(
1
)
 +
 E
3
(
1
)
*
T
1
(
1
)

D
R
A
H
 
0
»
T
?
(
I
)

N
E
X
T
 

I
P
R
I
N
T
 
"
'
"

P
R
I
N
T
 
U
S
I
N
G
 
"
3
A
C
*
"
J
"
"
)
"
:

R
E
T
U
R
N

E
N
D



1 
R

E*
 

S
L

o
n

ir
.iT

 
SU

BR
O

U
TI

N
E 

E
D

IT
2 

G
O
 
T
O
 
1
0
0

2
4
 
R
E
"
 
D
E
L
E
T
E
/
R
E
I
N
S
E
R
T
 

A 
L
A
Y
E
R

25
 
G
O
S
U
B
 
3
4
0

26
 
R
F
T
U
R
N

2
8
 
R
F
M
 
D
E
L
E
T
F
/
R
F
I
N
S
F
R
T
 

A 
T
R
A
C
E

29
 
G
O
S
U
R
 
4
A
O

3
0
 
R
F
T
U
R
N

3
2
 
R
E
"
 
E
D
I
T
 
P
O
I
N
T
S

33
 
G
O
S
U
P
 
*
0
0

34
 
R
E
T
U
R
N

3
6
 
R
E
P
 

P
R
I
N
T
 
O
U
T
 
T
A
B
L
E
 
O
F
 
R
E
S
I
D
U
A
L
 
V
A
L
U
E
S

37
 
G
O
S
U
B
 
5
6
0

38
 
R
F
T
U
R
N

4
0
 
R
E
f
 

L
I
S
T
 
O
F
 
S
L
O
W
I
 
F
O
R
M
A
T
T
E
D
 
O
U
T
P
U
T
 
T
O
 
S
C
R
E
E
N

4
1
 
G
O
S
U
n
 
1
1
5
0
 

4
?
 
R
E
T
U
R
N

4
4
 
R
F
M
 

R
F
T
U
R
N
 
T
O
 
X
?
-
T
?

4
5
 

F 
| 
N
O
 

4
4
6
 
C
»
L
L
 
"
L
I
N
K
"
,
 1
3
0

4
7
 
R
E
T
U
R
N

4
8
 
R
F
M
 

R
E
T
U
R
N
 
T
O
 
H
Y
D
R
O
P
H
O
N
E
 
D
E
L
A
Y
 
R
F
L
F
A
S
E
 
C
O
R
R
E
C
T
I
O
N

4
9
 

F 
I 
N
O
 

3
5
0
 
C
A
L
L
 
"
L
I
N
K
"
,
!

51
 
R
E
T
U
R
N
'

8
0
 
R
F
M
 

S
L
O
W
I
 
F
O
R
M
A
T
T
E
D
 
O
U
T
P
U
T
 
T
O
 
T
A
P
E

8
1
 
G
O
S
U
B
 
1
3
P
O

8?
 
RE

 T
U
R
K1

1
0
0
 
P
R
I
N
T
 
"
L
 

E
D
I
T
O
R
"

1
1
0
 
P
R
I
N
T
 

" 
_
_
 P
R
E
S
E
N
T
L
Y
*
 
T
H
E
 
E
D
I
T
O
R
 
P
E
R
F
O
R
M
S
 
T
H
E
 
F
O
L
L
O
W
I
N
G
 
F
U
N
C
T
I
O
N
S
/

1
2
0
 
P
R
I
N
T
 
"
W
H
I
C
H
 
A
R
E
 
C
A
L
L
E
D
 
P
Y
 
T
H
E
 
U
S
E
R
 
D
E
F
I
N
A
B
L
E
 
K
F
Y
S
t
"

7 8 9
1
0
 

?
0

6
 

R
E
M
O
V
E
S
 
O
R
 
R
E
I
N
S
E
R
T
S
 
A
N
 
E
N
T
I
R
E
 
L
A
Y
E
R
"
 

R
E
M
O
V
E
S
 
O
R
 
R
E
I
N
S
E
R
T
S
 
A
N
 
E
N
T
I
R
E
 
T
R
A
C
E
"
 

E
D
I
T
S
 
I
N
D
I
V
I
D
U
A
L
 
P
O
I
N
T
S
 
"
 

P
R
I
N
T
S
 
O
U
T
 

A 
T
A
B
L
E
 
O
F
 
R
E
S
I
D
U
A
L
 
V
A
L
U
E
S
"
 

L
I
S
T
S
 
S
L
O
W
I
 
F
O
R
M
A
T
T
E
D
 
O
U
T
P
U
T
 
O
N
 
T
H
F
 
S
C
R
E
E
N
 

W
R
I
T
E
S
 
S
L
O
W
I
 
F
O
R
M
A
T
T
E
D
 
O
U
T
P
U
T
 
T
O
 
T
A
P
E
"

_
 T
O
 
P
E
R
F
O
R
M
 
E
D
I
T
I
N
G
 
F
U
N
C
T
I
O
N
S
*
 
P
R
E
S
S
 
T
H
E
 
D
E
S
I
R
E
D
 
U
.
O
.
 

K
F
Y
 
A
N
D
 
F
O
L
L
O
W
 
T
H
E
 
D
I
R
E
C
T
I
O
N
S
.
"

C
O
U
N
T
 
T
H
E
 
N
U
M
B
E
R
 
O
F
 
P
O
I
N
T
S
 
P
E
R
 
L
A
Y
F
R
 
F
O
R
 
E
D
I
T
I
N
G
 

«
1
 
T
O
 
N
1

1
3
0
 
P
R
I
N
T

1
4
0
 
P
R
I
N
T

1
5
0
 
P
R
I
N
T

1
6
0
 
P
R
I
N
T

1
7
0
 
P
R
I
N
T

1
8
0
 
P
R
I
N
T

1
9
0
 
P
R
I
N
T

2
0
0
 
P
R
I
N
T

2
1
0
 
G
O
S
U
B
 
?
3
P

2
2
0
 
F
N
D

2
3
0
 
P
E
K

2
4
0
 
F
O
R

2
5
0
 
K
=
P

2
6
0
 
F
O
R
 
J»
1 

TO
 
N
3

2
7
0
 
IF

 
D
U
X
O
 
T
H
E
N
 
T
O
O

2
8
0
 
I
F
 
P
(
I
,
J
X
 =
 n
 
T
H
F
N
 
3
0
0

29
0 

r«
r*

1
30
0 

N
E
X
T
 

J
3
1
0
 
N 

( 
I 
) 
« 
S 
G 
H 

( H
 (
 I

 )
 )

 *
 K

3
2
0
 
N
E
X
T
 

I
3
3
0
 
R
E
T
U
R
N

3
4
0
 
P
R
I
N
T
 
"
L
H
I
I
M
i
J
E
R
 
O
F
 
P
O
I
N
T
S
 
P
E
R
 
L
A
Y
F
R
:
 _
 "

3
5
0
 
P
R
I
N
T
 
N
;

3
6
0
 
P
R
I
N
T
 

" 
_
 A
 
N
E
G
A
T
I
V
E
 
N
U
M
R
F
R
 
D
E
L
F
T
F
S
 
T
H
A
T
 
L
A
Y
E
R
 
F
R
O
M
 
T
H
E
 
C
A
L
C
U
L
A
T
I
O
N
'

3
7
0
 
P
R
I
N
T
 
"
.
W
H
I
C
H
 
L
A
Y
F
U
 
0
0
 
Y
O
U
 
W
I
S
H
 
T
O
 
O
E
L
E
T
F
 
O
R
 
I
N
S
E
R
T

1*
"

3
P
O
 
I
N
P
U
T
 

l
"

3
9
0
 
M
(
 I
)
«
-
N
(
 I
)

4
0
0
 
P
R
I
N
T
 
N
;

4
1
0
 
P
R
I
N
T
 
"
_
_
A
M
O
T
H
F
R
 
L
A
Y
F
R
"
»
M



4
?
0
 
I
N
P
U
T
 
P
t

4
3
0
 
I
F
 
O
J
=
"
Y
"
 
T
H
E
N
 
3
7
0

4
4
0
 

IF
 
O
J
O
"
N
"
 
T
H
E
N
 
4
1
0

4
5
0
 
R
E
T
U
R
N

4
6
0
 
P
R
I
N
T
 
U
S
I
N
G
 
"
"
"
L
D
I
»
E
C
T
 
T
I
P
E
S
 
F
O
R
 
E
A
C
H
 
T
R
 A
C
E
 _
_
"
"
4
 (

 1
 0
 (

 3
D 

. 
3
D
 )

 /
 )

 "
 :

 0
4
7
0
 
P
P
I
N
T
 

" 
_
 W
H
I
C
H
 
T
R
A
C
E
 
0
0
 
Y
O
U
 
W
I
S
H
 
T
O
 
D
E
L
E
T
E
 
O
R
 
R
M
N
S
F
R
T
T

1
4
*
0
 
I
N
P
U
T
 

I
4
9
0
 
0(
 D
«
-
0
(
 I
)

5
0
0
 
P
R
I
N
T
 
US
lN
f-
 
"
4
(
1
0
(
3
0
.
 3
0
)
/
)
"
;
0

5
1
0
 
P
R
I
N
T
 
"
_
_
A
N
O
T
H
E
R
 
T
R
A
C
E
'
"

5
?
0
 
I
N
P
U
T
 
O
t
~

5
3
0
 
I
F
 
O
S
=
"
Y
"
 
T
H
E
N
 
4
7
0

5
4
0
 
G
O
S
U
P
 
2
3
0

5
5
0
 
R
E
T
U
R
N

5
6
0
 
R
E
*
 
R
O
U
T
I
N
F
 
T
O
 
P
P
O
D
U
C
F
 
R
E
S
I
D
U
A
L
 
T
A
P
L
E
 
A
N
D
 
E
D
I
T
 
P
O
I
N
T
S

5
7
0
 
P
R
I
N
T
 
"
l
 

T
A
B
L
E
 
O
F
 
R
E
S
I
D
U
A
L
 
V
A
L
U
E
S
 

(
X
i
n
»
*
-
3
 
s
e
c
'
?
)
"

5
8
0
 
P
R
I
N
T
 
"
_
T
 

L
A
Y
E
R
"

59
0 

PR
IN
T 

U
S
I
N
G
 
" 

 "
_ 

1 
2
3
*
5
6
 

7
M
"«

;"
j

6
0
0
 
P
R
I
N
T
 
U
S
I
N
G
 
"
"
"
 

8 
9 

10
 

11
 

1?
 

13
 

1
4
"
"
"
:

6
1
0
 
RE

*'
 
C
A
L
C
U
L
A
T
E
 
R
E
S
I
D
U
A
L
S

6
2
0
 
F
O
P
 
J
»
1
 
TO
 
N
3

6
3
0
 
P
R
I
N
T
 
U
S
I
N
G
 
"
/
2
0
S
"
:
J

6
4
0
 
IF
 
0
(
J
)
<
0
 
T
H
F
N
 
7
5
0

6
5
0
 
F
O
B
 
I
«
1
 
T
O
 
N
1

6
6
0
 
IF

 
R
(
I
»
J
)
<
»
0
 
T
H
E
N
 
7
3
0

6
7
0
 
»
2
«
(
R
(
I
 ,
J
)
»
«
U
)
*
2

6
8
0
 
D
2
«
(
(
0
(
J
)
»
e
4
)
»
B
1
 )
*
?

6
9
0
 
R
4
 =
 R
2
-
(
T
?
(
I
)
»
0
2
*
T
1
 (
I
»

7
0
0
 
R
4
«
S
G
N
(
R
4
)
»
I
N
T
 (

 A
8
S
 (

 R
4
 *
 1

 O
O
P
)
 )

7
1
0
 
P
P
I
N
T
 
US

IN
'G

 
"
5
0
S
"
:
R
4

7
?
0
 
G
O
 
T
O
 
7
4
0

7
3
0
 
P
R
I
N
T
 

II 
SI
 N
T,

7
4
0
 
N
E
X
T
 

I
7
5
0
 
N
E
X
T
 

J
7
6
0
 
F
O
P
 
1=
1 

TO
7
7
0
 
P
R
I
N
T

78
0 

NF
XT

 
i

7
9
0
 
P
F
T
D
R
N

P
O
O
 
P
P
I
N
T
 
"
L
Y
O
U
 
C
A
N
 

E 
f> 

I 
T 

P
O
I
N
T
S
 
A
C
C
O
R
D
I
N
G
 
T
O
 
T
R
A
C
E
 
N
U
M
R
F
R
 
A
N
D
 
L
A
Y
E
R
'

8
1
0
 
P
R
I
N
T
 
"
T
Y
P
r
 
T
H
E
 
L
A
Y
E
R
 
N
U
M
B
E
R
*
 
T
R
A
C
E
 
N
U
M
B
E
R
 
A
N
D
 
T
H
F
 
L
E
T
T
E
R
:
"

8
?
0
 
P
R
I
N
T
 
" 

0 
- 

D
E
L
E
T
E
 

A 
B
A
D
 
P
O
I
N
T
"

8
3
0
 
P
R
I
N
T
 

" 
R 

- 
R
E
P
I
C
t
C
 

A 
P
O
I
N
T
"

8
4
0
 
P
P
I
N
T
 

" 
I 

- 
I
N
S
E
R
T
 

A 
P
R
E
V
I
O
U
S
L
Y
 
D
E
L
E
T
E
D
 
P
O
I
N
T
"

8
5
0
 
P
R
I
N
T
 

" 
Q 

- 
Q
U
I
T
 
E
D
I
T
I
N
G
"

C
6
0
 
P
R
I
P
T
 

" 
_
 L
A
Y
E
R
,
 T
R
A
C
E
/
A
C
T
I
O
N
"

8
7
0
 
I
N
P
U
T
 
I
,
J
,
0
*

f
t
n
 
IF

 
0
1
a
"
0
M 

T
H
E
N
 
1
M
O

8
9
0
 

IF
 
O
T
»
"
D
"
 
T
H
F
N
 
«
?
"

9
0
0
 
IF

 
0
$
=
"
I
"
 
T
H
E
N
 
9
4
0

9
1
0
 

IF
 
0
»
«
"
R
"
 
T
H
F
N
 
0
6
0

9
2
0
 
G
O
S
U
B
 
9
8
0

9
3
0
 
G
O
 
TO
 
8
6
0

9
4
0
 
C-
OS
UB
 
1
0
*
0

9
5
0
 
G
O
 
TO
 
8
6
0

9
6
0
 
GO

SI
IP

 
1
1
1
0

9
7
0
 
G
O
 
TO
 
8
6
0

9
R
O
 

IF
 
R
(
I
,
J
)
<
 =
 0
 
T
H
F
N
 

1 
n 

1 
p

9
9
0
 
R(
 I
,J

 )
 =
 -
P
(
I
,
J
 )

1
0
0
0
 
R
F
T
U
R
W

1
0
1
P
 
P
P
I
N
T
 

M
_
T
H
(
V
T
 
P
O
I
M
T
 
M
A
S
 
A
L
R
E
A
D
Y
 
R
F
E
N
 
D
E
L
F
T
F
D
f
G
G
"

7
X
S



1
0
?
0
 
U
P
T
U
R
N

1
0
3
0
 

IF
 
R
(
I
,
J
»
0
 
T
H
E
N
 
1
0
9
P

1
0
4
0
 

IF
 
R
(
I
,
J
)
s
n
 
T
H
E
N
 
1
0
7
P

1
0
5
0
 
R
(
I
,
J
)
«
-
R
(
I
»
J
)

1
0
6
0
 
R
E
T
U
R
N

1
0
7
0
 
P
R
I
N
T
 
"
.
N
O
 
P
I
C
K
 
W
A
S
 
E
V
E
R
 
M
A
D
E
 
F
O
R
 
T
H
A
T
 
P
O
I
N
T
'
G
G
"

1
0
8
0
 
R
E
T
U
R
N

1
0
9
0
 
P
R
I
N
T
 
"
_
T
H
A
T
 
P
O
I
N
T
 
M
A
S
 
N
F
V
E
R
 
B
E
E
N
 
O
E
L
F
T
F
D
!
r
,
G
"

1
1
0
0
 
R
E
T
U
R
N

1
1
1
0
 
P
R
I
N
T
 
"
_
_
T
H
I
S
 
O
P
T
I
O
N
 
H
A
S
 
N
O
T
 
B
E
E
N
 
M
A
D
E
 
A
V
A
I
L
A
P
L
E
 
V
E
T
!
f
,
G
C
"

1
1
?
0
 
R
E
T
U
R
N

1
1
3
0
 
G
O
S
U
B
 
?
J
O

1
1
4
0
 
R
E
T
U
R
N

1
1
5
0
 
R
E
*
 
S
E
C
T
I
O
N
 
T
O
 
W
R
I
T
E
 
S
L
O
W
I
 
F
O
R
M
A
T
T
E
D
 
O
U
T
P
U
T
 
T
O
 
T
A
P
E
 
A
N
D
 
S
C
R
F
F
N

1
1
6
0
 
P
R
I
N
T
 
U
S
I
N
G
 
"
P
4
n
A
/
4
0
A
/
"
:
R
S
,
A
S

1
1
7
0
 
P
P
T
N
T
 
U
S
I
N
G
 
1
1
8
0
:
B
6
,
P
7
,
P
1
,
B
4
»
B
?

1
1
8
0
 
I
M
A
G
E
 

7
0
.
,
2
(
3
0
.
4
0
)
,
"
 

1
.
0
0
0
0
"
,
4
0
.
3
0
,
7
0
.

1
1
9
0
 
P
R
I
N
T
"
 

0 
0 

1 
1 

1
"

1
2
0
0
 
F
O
R
 
I«

1 
T
O
 
N
1

1
2
1
0
 
P
R
I
N
T
 
U
S
I
N
G
 
"
4
D
S
"
:
N
<
I
)

1
2
2
0
 
N
E
X
T
 

I
1
?
3
0
 
P
R
I
N
T

1
2
4
0
 
F
O
R
 
I
«
1
 
T
O
 
N
1

1
2
5
0
 
IF
 
N
(
I
)
>
0
 
T
H
E
N
 
1
?
7
0

1
2
6
0
 
I
«
1
»
1

1
2
7
0
 
P
R
I
N
T
 
"
_
"

1
2
8
0
 
F
O
R
 
J
«
1
~
T
O
 
N
3

1
2
9
0
 
IF

 
O
C
J
X
O
 
T
H
E
N
 
1
3
2
0

1
3
0
0
 
IF

 
R
(
I
,
J
X
«
P
 
T
H
E
N
 
1
3
2
0

1
3
1
0
 
P
R
I
N
T
 
U
S
I
N
G
 
"
2
(
4
D
.
3
0
)
S
"
:
D
<
J
)
,
R
U
,
J
)

1
3
2
0
 
N
E
X
T
 

J
1
3
3
0
 
N
F
X
T
 

I
1
3
4
P
 
P
R
I
N
T
 
"
_
_
0
0
 
Y
O
U
 
W
I
S
H
 
T
O
 
W
R
I
T
E
 
T
H
I
S
 
D
A
T
A
 
S
E
T
 
O
N
T
O
 
A 

T
A
P
E
 
F
I
L
E
?
'

1
3
5
0
 
I
N
P
U
T
 
Q
t

1
3
6
0
 

IF
 
O
l
e
-
N
"
 
T
H
E
N
 
1
8
8
0

1
3
7
0
 

IF
 
Q
$
<
>
"
V
"
 
T
H
E
N
 
1
3
«
0

1
3
8
0
 
P
R
I
N
T
 
"
_
W
H
I
C
H
 
F
I
L
E
 
0
0
 
Y
O
U
 
W
I
S
H
 
T
O
 
W
R
I
T
E
 
T
O
?
"

1
3
9
0
 
P
R
I
N
T
 
" 

(
I
F
 
Y
O
U
 
A
R
E
 
I
N
 
O
O
U
B
T
 
A
S
 
T
O
 
W
H
I
C
H
 
F
I
L
F
 
I
S
 
F
R
E
E
»
"

1
4
0
0
 
P
R
I
N
T
 
" 

T
Y
P
E
 
9
9
9
 
T
O
 
0
0
 

A 
T
L
I
S
T
,
 
W
H
I
C
H
 
W
I
L
L
 
-
I
N
D
I
C
A
T
E
"

1
*
1
0
 
P
R
I
N
T
 
" 

T
H
E
 
F
I
R
S
T
 
A
V
A
I
L
A
B
L
E
 
F
I
L
E
)
"

1
4
2
0
 
I
N
P
U
T
 

I
1
4
3
0
 

IF
 
1
0
9
9
9
 
T
H
E
N
 
I
S
S
O

1
4
4
0
 

IF
 
I
<
e
?
5
5
 
T
H
E
N
 
1
4
7
0

1
4
5
0
 
P
R
I
N
T
 
"
F
I
L
F
 
N
U
M
B
E
R
 
IS

 
T
O
O
 
L
A
R
G
E
 

! 
! 
G
G
G
G
G
G
G
G
G
G
G
G
G
"

1
4
6
P
 
G
O
 
T
O
 
1
3
8
0

1
4
7
0
 
P
A
G
E

1
4
8
P
 
F
O
R
 
le

i 
T
O
 
2
0
0

1
4
9
0
 
F
I
N
O
 
3
1
,
2
7
;
I

1
5
0
0
 
I
N
P
U
T
 
a
l
»
9
«
H
»

1
5
1
0
 
P
R
I
N
T
 
H
t

1
5
?
0
 
N
F
X
T
 

I
1
5
3
0
 
P
R
I
N
T
 
"
W
H
I
C
H
 

FI
LF
. 

0
0
 
Y
O
U
 
W
I
S
H
 
T
O
 
W
R
I
T
E
 
T
O
?
"

1
5
4
0
 
I
N
P
U
T
 

I
1
5
5
0
 
IF
 
I
<
«
?
5
5
 
T
H
E
M
 
1
5
8
0

1
5
6
0
 
P
R
I
N
T
 
"
F
I
L
E
 
N
U
M
B
E
R
 
IS
 
T
O
O
 
L
A
R
G
E
 
!
!
G
G
G
G
G
G
G
G
G
G
"

1
5
7
P
 
G
O
 
T
O
 
1
5
3
0

1
5
8
0
 
P
R
I
N
T
 
"
_
I
S
 
T
H
F
 
F
I
L
E
 
Y
O
U
 
A
R
E
 
W
R
I
T
I
N
G
 
T
O
 
A
L
R
E
A
D
Y
 
l
A
R
K
E
D
'
"

1
5
9
0
 
I
H
P
U
T
 
O
t

1
6
0
0
 

IF
 
0
\
*
"
V
 
T
H
F
N
 
1
6
4
0

1
6
1
P
 

IF
 
Q
\
0
"
N
"
 
T
H
E
M
 
1
5
*
0



1
6
?
0
 
F
I
N
D
 
?
1
,
?
7
:
 I

16
50
 
KA
RK
 
ai

,?
«:
i,
70
on

1
6
4
0
 
F
I
N
D
 
3
1
,
?
7
:
I

1
6
5
0
 
P
R
I
N
T
 
3
1
,
1
?
:
 
U
S
I
N
G
 
"
4
0
A
/
4
0
A
 
"
:
B
*
,
A
t

1
6
6
0
 
P
R
I
N
T
 
3
1
,
1
?
:
 
U
S
I
N
G
 
1
1
«
0
:
P
<
S
,
P
7
,
B
1
,
B
4
,
B
?

1
6
7
0
 

P
R

IN
T

 
3

1
,1

?
:"

 
0
0
1
1
1
"

1
6
8
0
 
F
O
R
 
Ie
1 

T
O
 
N1

1
6
9
0
 

IF
 
N
(
l
X
«
n
 
T
H
E
N
 
1
7
1
0

1
7
0
0
 
P
R
I
N
T
 
»
1
,
1
?
:
 
U
S
I
N
C
,
 
"
A
O
S
-
r
N
C
I
)

1
7
1
0
 
N
f
X
T
 

I
1
7
?
0
 
P
R
I
N
T
 
a
1
»
1
?
:

1
7
3
0
 
F
O
R
 
I«

1 
T
O
 
Nl

1
7
A
O
 

IF
 
N
d
X
e
O
 
T
H
E
N

1
7
5
0
 
P
R
I
N
T
 
8
1
,
1
?
:

1
7
6
0
 
K
«
1

1
7
7
0
 
F
O
R
 
J
e
1
 
T
O
 
N
J

1
7
8
0
 
IF
 
0
(
J
)
<
0
 
T
H
E
N

1
7
9
0
 
IF
 
R
(
I
,
J
)
<
«
0
 
T
H
E
N
 
1
8
5
0

1
8
0
0
 
P
R
I
N
T
 
3
1
,
1
?
:
 
U
S
I
N
G
 
"
?
<
«
D
.
3
D
)
S
"
:
D
(
J
 )

 ,
R
(
I
,
J
)

1
R
1
0
 

IF
 
r
-
I
N
T
(
K
/
5
)
*
5
<
>
n
 
T
H
E
N
 
1
R
«
0

1f
l?

0 
IF

 
r
e
N
(
I
)
 
T
H
F
N
 
1
8
5
0

1
8
3
0
 
P
R
I
N
T
 
8
1
,
1
?
:

1
8
4
0
 
K
«
r
+
1

1
8
5
0
 

f.
'E
XT
 

J
1
8
6
0
 
N
E
X
T
 

I
1
8
6
5
 
P
R
I
N
T
 
9
1
,
1
?
:
"
 

I
"

o
 

1
8
7
0
 
P
R
I
N
T
 
8
1
,
?
:
 

1
8
8
0
 
E
N
D



1 
RE
»l
 

S
L
O
D
I
G
I
T
 

S
U
B
R
O
U
T
I
N
E
 
D
I
J
^
P
/
 R
E
C
O
V
F
 R
 
F
R
O
M
 
T
»
P
F

2 
G
O
 
TO
 
5
0
0

4
4
 
R
E
M
 

C
O
 
T
O
 
X
?
-
T
?

4
5
 

FI
 N
D
 

3
4
6
 
C
A
L
L
 
"
L
I
N
K
"
,
1
0
0

4
7
 
R
E
T
U
R
N

4
8
 
R
F
M
 

LI
'1

* 
T
O
 
D
E
L
A
Y
E
D
 
M
Y
D
R
O
P
H
O
N
F
 
RF
.L
F.
AS
F 

C
O
R
R
E
C
T
I
O
N

4
9
 
F
I
N
D
 
2

5
0
 
C
A
L
L
 
"
L
I
N
K
"
,
!

51
 
R
E
T
U
R
N

1
0
0
 
R
E
M
 

T
M
I
S
 
S
U
B
R
O
U
T
I
N
E
 
D
U
M
P
S
 
T
H
E
 
D
A
T
A
 
F
R
O
"
 
T
H
E
 
D
I
G
I
T
I
Z
I
N
G
 

1
1
0
 
R
E
M
 

S
E
C
T
I
O
N
 
O
F
 
T
H
F
 
P
R
O
G
R
A
M
 
O
N
T
O
 
T
A
P
E
,
 
I
N
 
M
A
C
H
I
N
E
 
D
E
P
-
 

1
2
0
 
R
E
M
 

E
>
'
D
E
N
T
 
B
I
N
A
R
Y
 
F
O
R
M
.
 

T
H
E
 
R
E
C
Y
C
L
E
 
K
E
Y
 
U
I
L
L
 
R
E
A
D
 

1
3
0
 
R
E
"
 

T
M
I
S
 
S
A
M
E
 
D
A
T
A
 
F
R
O
M
 
T
H
E
 
T
A
P
E
 
A
N
D
 
D
E
P
O
S
I
T
 
Y
O
U
 
B
A
C
K
 

1
4
0
 
RF

.M
 

I
N
 
P
A
R
T
 
1
,
 
A
S
 
T
H
O
U
G
H
 
Y
O
U
 
H
A
D
 
J
U
S
T
 
F
I
N
I
S
H
E
D
 
D
I
G
I
T
-
 

1
5
0
 
R
E
M
 

f
M
N
G
 

A 
R
E
C
O
R
D
.
 

Y
O
U
 
C
A
N
 
T
H
A
N
 
C
O
N
T
I
N
U
E
 
A
S
 
Y
O
U
 
N
O
P
-
 

1
6
0
 
R
E
M
 

M
A
L
L
Y
 
W
O
U
L
D
.

1
7
0
 
P
R
I
N
T
 
"
L
C
H
F
C
I
t
 
T
O
 
I
N
S
U
R
E
 
T
H
A
T
 
T
H
E
 
*
"
?
«
 

I
S
 
T
U
R
N
E
D
 
O
N
 
A
N
D
"
 

1
8
0
 
P
R
I
N
T
 
"
T
H
A
T
 
Y
O
U
R
 
T
A
P
E
 
C
A
R
T
R
I
D
G
E
 
I
S
 
W
R
I
T
E
 
E
N
A
B
L
E
D
"
 

1
9
0
 
P
R
I
N
T
 
"
.
.
I
N
S
E
R
T
 
Y
O
U
R
 
T
A
P
E
 
I
N
 
T
H
E
 
4
9
?
4
"
 

P
O
O
 
P
R
I
N
T
 
"
.
W
H
I
C
H
 
T
A
P
E
 
F
I
L
E
 
D
O
 
Y
O
U
 
W
I
S
H
 
T
O
 
W
R
I
T
E
 
T
O
?
"

21
0 

IN
PU
T 

i
2
2
0
 
P
R
I
N
T
 
"
.
I
S
 
T
H
E
 
F
I
L
F
 
Y
O
U
 
A
R
E
 
W
R
I
T
I
N
G
 
T
O
 
A
L
R
F
A
D
Y
 
M
A
R
K
E
D
'
"

?
3
0
 
I
N
P
U
T
 
O
t

?
4
0
 
IF

 
O
J
*
"
Y
M 

T
H
E
N
 
?
8
0

2
5
0
 
I
F
 
0
*
0
"
N
"
 
T
H
E
N
 
2
2
0

2
6
0
 
F
I
N
D
 
3
1
,
2
7
;
I

?
7
0
 
1
A
R
K
 
31

 ,
2
R
:
1
,
1
0
0
0
*
9
M
N
1
*
N
3
*
N
1
«
N
3
)

2
8
0
 
F
I
N
D
 
3
1
,
?
7
;
I

?
9
0
 
W
R
I
T
E
 
3
1
,
1
5
:
A
«
,
B
t
,
B
l
,
B
2
,
B
3
,
B
*
,
B
5
,
B
6
,
B
7
,
B
8
,
N
l
,
N
3
,
Q
1
,
C
1
,
C
3
,
C
6
,
D
,
R

3
0
0
 
IF
 
0
1
0
1
 
T
H
E
N
 
3
2
0

3
1
0
 
W
R
I
T
E
 
8
1
,
1
S
:
P
1
,
P
2
,
P
3

3
1
5
 
P
R
I
N
T
 
a
i
,
?
J

3
2
0
 
G
O
 
TO

 
1
0
0
0

5
0
0
 
RF

.M
 

T
H
I
S
 

IS
 
T
H
E
 
R
E
C
Y
C
L
E
 
S
U
B
R
O
U
T
I
N
E
,
 
W
H
I
C
H
 
W
I
L
L
 
R
E
A
D

5
1
0
 
R
F
M
 

D
A
T
A
 
P
U
M
P
C
P
 
O
N
T
O
 
T
A
P
E
,
 
A
N
D
 
T
H
E
N
 
D
E
P
O
S
I
T
 
Y
O
U
 
A
T

5
2
0
 
R
E
M
 

T
H
E
 
E
N
D
 
O
F
 
P
A
R
T
 
1
,
 
A
S
 
T
H
O
U
G
H
 
Y
O
U
 
H
A
D
 
J
U
S
T

5
3
0
 
R
F
M
 

F
I
N
I
S
H
E
D
 
D
I
G
I
T
I
Z
I
N
G
 

A 
R
E
C
O
R
D
.

5
4
0
 
P
R
I
N
T
 
"
L
C
H
F
C
K
 
T
O
 
I
N
S
U
R
E
 
T
H
A
T
 
T
H
E
 
4
9
?
4
 

I
S
 
T
U
R
N
E
D
 
O
N
"

5
5
0
 
P
R
I
N
T
 
"
A
N
D
 
T
H
A
T
 
Y
O
U
R
 
T
A
P
E
 
I
S
 
W
R
I
T
E
 
P
R
O
T
F
C
T
F
D
.
"

5
6
0
 
P
R
I
N
T
 
"
.
.
I
N
S
E
R
T
 
D
A
T
A
 
T
A
P
E
"

5
7
P
 
P
R
I
N
T
 
"
.
.
.
 
W
H
I
C
H
 
T
A
P
E
 
F
I
L
E
 
D
O
 
Y
O
U
 
W
I
S
H
 
T
O
 
R
E
A
D
 
F
R
O
M
'
"

5
8
0
 
I
N
P
U
T
 

I
5
9
0
 
F
I
N
D
 
3
1
,
2
7
:
1

5
9
5
 
D
I
M
 
A
t
(
4
0
)
,
n
$
(
4
0
)
,
7
t
(
1
)
,
0
t
(
1
)

6
0
0
 
R
F
A
D
 
a
i
,
1
4
:
A
$
,
P
t
,
B
1
,
B
2
,
B
3
,
B
4
,
B
5
,
R
6
,
B
7
,
B
8
,
N
1
,
N
3
,
0
1
,
C
1
,
C
3

6
1
0
 
D
I
M
 
C
6
(
N
1
)
,
D
(
4
0
)
,
R
(
N
1
,
4
0
)

6
2
0
 
R
E
A
D
 
a
i
,
1
4
*
C
6
,
D
,
R

6
3
0
 
IF
 
0
1
<
>
1
 
T
H
E
N
 
6
5
0

6
4
0
 
R
E
A
D
 
9
1
,
1
4
:
P
l
,
P
?
,
P
3

6
5
0
 
F
I
N
D
 

?
6
6
0
 
C
A
L
L
 
"
I
 I
N
r
"
,
1
H
7
P

1
0
0
0
 
F
N
D



Appendix K 

Listings of reduction programs

This appendix contains line numbered listings of SLOWI and 
LINFT. The absolute pathnames for these programs are:

>udd>Marine>JChilds>sonobuoy>slowi.fortran 
>udd>Marine>JChilds>sonobuoy>linft.fortran

The introductory comments prefacing the program listings 
describe the input required. All input is from fileOS 
and all output is targeted for file06. Therefore, file attaches 
must be made to these files before executing the programs. 
Both programs have been modified to run on Honeywell 60 series 
computer under Multics., and are compiled with Honeywell Multics 
fortran (release 4). The pathnames of the object segments are:

>udd>Marine>JChilds>sonobuoy>slowi 
>udd>Marine>JChilds>sonobuoy>linft

Program SLOWI consists of a main program and three 
subroutines. The main program and subroutines are numbered 
sequentially, but the subroutines are set off on separate 
pages.
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Appendix L 

Listing of interpretation program SONOMODEL

This appendix contains a line numbered listing of the sono- 
buoy modelling program entitled sonomodel. The pathname of the 
program listing is:

>udd>Marine>JChilds>sonobuoy>sonomodel.fortran
 

The introductory comments prefacing the program describe the 
input required. All input is from file05 and all printer out­ 
put goes to file06. Therefore, file attaches must be made 
to these files before executing the program. The fortran 
program has been compiled with Honeywell Multics for­ 
tran (release 4). The object segment has a pathname:

>udd>Marine>JChiIds>sonobuoy>sonomodel

An example of the program, using the example input data con­ 
tained in the comments, is contained in Appendix I.
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